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ABSTRACT 
 

Background: The radial forearm flap is best known for its versatility, pliability and 

vasculature making it the flap of choice for orofacial defects. However, it ensures the 

removal of one of the principal arteries supplying the hand. Sound knowledge of the 

collateral circulation of the hand preoperatively is mandatory to prevent a rare, but a grave 

complication of hand ischemia 

 Objectives: To evaluate the collateral circulation of the hand on radial artery compression 

using 4 non-invasive methods. 

Methods: Prospective, experimental analysis of 4 non-invasive tests were conducted on 

36 patients (71 hands) indicated for radial forearm flap reconstruction, to assess their 

collateral circulation after radial artery compression using Allen’s test, Modified Allen’s 

test, Pulse oximeter and colour Doppler ultrasound as the gold standard. Diagnostic 

parameters (Sensitivity, Specificity, negative predictive value and positive values) were 

calculated for Allen’s test, modified Allen’s test and pulse oximetry with colour doppler 

ultrasound as the gold standard.  

Results: Allen’s test and Modified Allen’s test had only 35.29% sensitivity in predicting 

abnormality whereas Pulse oximetry has 76.47% sensitivity. Allen’s test and modified 

Allen’s test scored 100% specificity whereas pulse oximetry scored 98.15% specificity. 

The diagnostic accuracy of Allen’s test and Modified Allen’s test was 84.5% (95% CI) 

and 92.96% (95% CI) for pulse oximetry respectively. 

Interpretation: In the evaluation of collateral circulation of the palm, Allen’s test and 

Modified Allen’s test showed false-negative results with low sensitivity while Pulse 

oximetry showed a high correlation to Doppler ultrasound. 



 

  Conclusion: Allen’s and Modified Allen’s test being subjective with a high incidence of 

false results should not be in consideration for a reliable preoperative test for collateral 

circulation assessment. However, Pulse oximetry has been demonstrated to be more 

expedient than the other tests when compared to the gold standard. 

 

 

 

KEYWORDS: radial free forearm flap; collateral hand circulation; Allen’s test; Modified 

Allen’s test; pulse oximetry; Doppler ultrasound. 
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1. Introduction 

 

The Radial Forearm free flap, first introduced by Yang et al in 1981 [1] has 

gained wide popularity in the reconstruction of defects, particularly in the head 

and neck region. Its rich vascularity, based on the radial artery and either the 

venae comitantes of the cephalic vein, contribute to its thin pliable skin, 

flexible design, versatility, ease of procedure and reliability, making it a 

workhorse for intraoral reconstruction [2]. 

Although it is associated with an array of donor site morbidities, ischemic 

hand complications, however rare, seem to be the gravest of them all. 

[3,5]   Ischemia of the hand, post radial artery harvest, have seldom been reported 

in the literature; however, the ones that are, have been concluded to have 

occurred due to pre-existing scleroderma, peripheral vascular disease, 

Raynaud’s phenomena, or the congenitally missing ulnar artery or lack of 

collateral circulation [4]   

The vasculature of the upper extremities is dominated by the ulnar, radial 

and intraosseous arteries.  At the carpal level, these arteries form complex 

networks and communicate to form 3 palmar and 3 dorsal arches.[5] The vascular 

supply of the hand is derived from these arches, especially the dorsal 

metacarpal arch supplying the metacarpals on the dorsal surface and the 

superficial and deep palmar arches on the palmar surface. The superficial 

palmar arch, principally formed by the ulnar artery, is supplemented with 
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contribution from a superior palmar branch of the radial artery and the deep 

palmar arch is formed from the radial artery, with input from the deep palmar 

branch of the ulnar artery. [5]   These arches supply the digits of the hand. Due to 

both arches’ syndetic communication, collateral circulation will most likely 

contribute to the maintenance of viability of the digits following radial or ulnar 

artery occlusion. [6]  

Despite the anatomical contributions from either artery, these arches have 

been a subject of diverse variations. In a study by Tan RE et al 2020, a 

complete arch was noted in 42% of the cases [5] and an incomplete arch in 58% 

[5] The incomplete palmar arches are a potential risk of precipitating ischemic 

complications to the digits on occlusion or harvest of either the radial or ulnar 

arteries. Therefore, pre-operative investigations to determine the presence of a 

complete arch or collateral flow is indispensable to prevent any ischemic 

complications to the hand. 

The harvest of the radial artery for cardiac catheterization, as a conduit for 

CABG (coronary artery bypass grafting) or plastic and reconstructive surgery, 

has demanded the need to assess the collateral circulation before radial artery 

instrumentation.[7] 

 Various preoperative tests namely Allen’s test, the Modified Allen’s test, 

colour Doppler Ultrasound, the use of pulse oximetry, plethysmography [8], 

digital Doppler waveform analysis, duplex sonography, and tonometric 
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pressure evaluation, laser Doppler perfusion imaging[9], recording digital blood 

pressure,  Surgical Allen’s test [38]or angiography have proven to be valuable in 

their design[38] to detect the presence of collateral blood circulation of the hand.   

While some of the tests like the Allen’s and Modified Allen’s test have 

been reported to be subjective and unreliable the others like the Doppler 

Ultrasonography, Angiography and Surgical Allen’s test have been said to be 

appropriate vascular mapping tests used in microvascular surgery, thereby -

*reducing the donor site morbidity, intraoperative time, and incidence of flap 

failure [38]. As angiography and surgical Allen’s test are invasive, expensive and 

less versatile, Doppler Ultrasound is considered to be a more feasible test as a 

gold standard for preoperative testing of the palmar circulation. Moreover, 

Doppler ultrasound provided both the static and well and dynamic anatomy and 

flow of arteries, making it a superior test. [7] 

Although many works of literature comparing various tests before 

transradial catheterization [55] radial artery harvest for CABG [10] have been noted, 

very few of them have compared the efficiency and specificity of these tests 

before radial artery harvest for free flap reconstruction. 

This study compares the specificity, sensitivity of Allen’s test, the 

Modified Allen’s test and the use of pulse oximetry to the colour flow Doppler 

ultrasound as the gold standard to detect the patency of the collateral 

circulation from the Ulnar artery on radial artery occlusion in patients 
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diagnosed with oral squamous cell carcinoma undergoing reconstruction with 

Radial Forearm free flap. 
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2. Objectives 

 
1.  To assess the patency of the ulnar artery and collateral blood circulation of the palm before 

radial artery harvest for the free flap. 

2. To evaluate and compare the sensitivity and specificity of Allen’s test, Modified Allen’s test, 

Pulse oximetry with Doppler Ultrasonography. 
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3. Review of Literature 
  

1. B. HUSUM AND P. BERTHELSEN in 1981 conducted a study where Allen's tests 

were compared with the systolic arterial pressure in the thumb after manual 

compression of the radial artery. Examination of 235 hands in 118 patients (35 females, 

83 males, aged ll-72yr, mean 55.5) undergoing elective vascular or open-heart surgery 

was performed before operation. Allen's test was performed using the modification 

described by Kamienski and Barnes (1976). Both the radial and ulnar arteries were 

manually compressed and the hand clenched by the patient. With the hand opened and 

observed to have blanched, compression of the ulnar artery was released. The 

appearance within 6 s of an erythematous blush over the hand’s palmar surface, 

including the thumb and thenar area indicated adequacy of the collateral ulnar arterial 

supply and a negative Allen's test. The examinations were performed by residents in 

anaesthesia who were unaware of the arterial pressure measurements. In some patients, 

Allen's test was performed independently by several examiners. Systolic arterial 

pressure in the thumb was measured using strain-gauge plethysmography combined 

with the conventional cuff principle. A 22-mm wide pneumatic cuff was placed around 

the proximal phalanx of the thumb, and a 12-cm wide cuff was placed around the upper 

arm. The plethysmograph comprised a mercury-in rubber strain-gauge placed around 

the distal phalanx of the thumb. Measurements of arterial pressure in the thumb were 

performed before and after manual compression of the radial artery. Inadequate ulnar 

arterial supply was suspected when occlusion of the radial artery reduced the systolic 

pressure in the thumb to less than 40mmHg, the value believed to be associated with 

clinical symptoms of inadequate blood supply. The result of Allen's test for arterial 

patency was compared with systolic arterial pressure in the thumb following manual 
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occlusion of the radial artery in 118 patients aged 11-72 yr undergoing cardiovascular 

surgery. In 19 of 235 hands (8.1 %), manual compression of the radial artery reduced 

the systolic arterial pressure in the thumb to less than 40 mm Hg, indicating the 

inadequacy of the collateral ulnar arterial supply. The predictive value of a negative 

Allen's test Was 0.932. Thus, in only 0.8% of cases would a negative Allen's test 

falsely indicate the adequacy of the collateral ulnar supply. These results justify the 

general application of Allen's test before radial artery cannulation [11] 

2. GELBERMAN RH, BLASINGAME JP in 1981, introduced a technique for timing 

hand revascularization utilizing the Allen test that was standardized in 800 hands of 

400 control subjects. The average timed radial artery fill was 2.4 +/- 1.2 seconds. The 

average ulnar artery fill was 2.3 +/- 1.0 seconds. Seven per cent of ulnar arteries and 

2% of radial arteries did not fill within 6 seconds. Ninety-one per cent of the hands 

tested were considered complete with a uniform brisk refill. The clinical observation of 

inadequate or absent revascularization correlated with reduced digital blood pressure. 

For the test to be accurate and reproducible at least 11 pounds of digital pressure are 

necessary to uniformly occlude both arteries and reduce the digital blood pressure to 0 

mm Hg.[12] 

3. AD MCGREGOR in 1987 experimented on six consecutive patients whose clinical 

Allen test suggested a non-patent radial artery and was investigated by intra-arterial 

fluorescein angiography. Cannulation of the radial artery and injection of fluorescein 

typically perfused only the thumb and thenar eminence. Occlusion of the ulnar artery, 

leaving the radial artery as the dominant supply, resulted in fluorescein perfusion of the 

entire hand. It was concluded that the Allen test is of no clinical value.[13] 

 

https://europepmc.org/search?query=AUTH:%22Gelberman%20RH%22
https://europepmc.org/search?query=AUTH:%22Blasingame%20JP%22


8  

4. ALEC R. HOVAGIM, MD, ROBERT I. KATZ, MD, AND PAUL J. POPPERS, 

MD in 1989 designed a study to assess the use of pulse oximetry (PO) to determine the 

adequacy of radial and ulnar arterial blood flow by comparing measurements of digital 

arterial haemoglobin oxygen saturation (SaO,) with the conventional visual 

determination of palmar flush (PF) using a simple occlusion test (SOT) or Allen’s test 

(AT) in 48 healthy volunteers. Baseline SaO, values ranged from 94% to 100% with a 

mean saturation of 97.2%. Eight subjects with initially abnormal reperfusion times 

were re-evaluated. Of those eight subjects, three remained abnormal. The predictability 

of an abnormal reperfusion time based on pretesting history was very IOW. AT 

reperfusion times as measured by PO and PF showed excellent correlation = 0.882). 

The SOT does not require subject cooperation and provides information similar to the 

AT. Whether combined with the AT or the SOT, PO has the distinct advantage of 

providing objective data.[35] 

5. EUGENE Y. CHENG, MD, KATHRYN K. LAUER, MD, et al in 1989, evaluated 

the palmar circulation by pulse oximetry. Thirty-one patients undergoing radial artery 

cannulation for intraoperative monitoring were evaluated before cannulation with a 

modified Allen's test and by pulse oximetry. After the collateral circulation of the hand 

was tested by the modified Allen's test, a pulse oximeter probe was placed on the index 

finger. Both radial and ulnar arteries were occluded until no perfusion was detected by 

the pulse oximeter. The test was repeated twice on each hand, once for each artery. The 

time to reperfusion after arterial release was recorded. Reperfusion times greater than 

15 seconds were considered abnormal. This sequence was repeated postoperatively 

after the radial artery cannulae were removed. A total of 68 tests were performed 

before cannulation; 3 showed an abnormal Allen's test, a finding confirmed by pulse 

oximetry evaluation. Allen's test was indeterminate 13 times. In all of these cases, pulse 
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oximetry demonstrated collateral blood flow. When collateral circulation was 

determined to be present by Allen's test, it was also found to be present with pulse 

oximetry. Three days after cannulation was discontinued, 8 patients had abnormal 

Allen's test results, a finding again confirmed by pulse oximetry evaluation. Of 15 

patients with indeterminate Allen's test results, 12 had collateral blood flow determined 

by pulse oximetry and 3 had abnormal results. The ability of pulse oximetry to detect 

collateral circulation was significantly different (P < 0.001) when compared with 

Allen's test both before and after radial artery cannulation. Using the 

photoplethysmography component of the pulse oximeter may improve the assessment 

of collateral circulation of the hand in which arterial cannulation is being contemplated 

[56].  

6. N BELLAN, S VONGSOUTHI, M DAUZAT, R GOMIS et al in 1989, conducted a 

study where Doppler ultrasound was used for the assessment and follow-up of 35 ulnar 

or radial arteries, repaired in an emergency, and 13 secondarily repaired arteries, after 

traumatic section. Doppler examination appeared to be more sensitive than the Allen 

test, because it could distinguish, among non-functional arteries, those with or without 

Doppler signal. Thus, Doppler examination was proven to provide more information to 

the surgical decision than Allen’s test.[14] 

7. T. M. FUHRMAN, T. E. REILLEY AND W. D. PIPPIN et al in 1992, conducted a 

study where the collateral circulation to the hand was evaluated on 70 hands of healthy 

volunteers. Comparisons were made between the results of the modified Allen’s test 

alone and Allen’s test combined with either plethysmography or digital blood pressure. 

The modified Allen’s test required patient cooperation and the results were subjective. 

On the other hand, Plethysmography did not require patient cooperation and produced a 

signal that varied directly with the flow; however, this was not a quantifiable signal. 

https://pubmed.ncbi.nlm.nih.gov/?term=Bellan+N&cauthor_id=2665670
https://pubmed.ncbi.nlm.nih.gov/?term=Vongsouthi+S&cauthor_id=2665670
https://pubmed.ncbi.nlm.nih.gov/?term=Dauzat+M&cauthor_id=2665670
https://pubmed.ncbi.nlm.nih.gov/?term=Gomis+R&cauthor_id=2665670
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Digital blood pressure (measured by the 2300 Finapres noninvasive blood pressure 

monitor, Ohmeda, Englewood. CO, USA) also required no patient cooperation. The 

values produced were of clinical value and were reproducible. Both the 

plethysmograph and digital blood pressure monitors were able to demonstrate the 

dominant arterial vessel of the hand. The digital blood pressure monitor produced an 

objective recordable numerical value, an accepted clinical parameter, and it did not 

require patient cooperation. The use of a digital blood pressure monitor proved to be an 

acceptable alternative to the traditional Allen’s test. [33] 

8. THOMAS M. FUHRMAN, MD, MMSC, ELAINE MCSWEENEY, BS in 1993, 

compared four methods of evaluating collateral blood flow to the hand. The hands of 

74 volunteers on the faculty or staff of a university hospital were studied prospectively. 

Only subjects without known peripheral vascular disease were included. Four tests 

were used in random order to assess radial and ulnar artery flow. Results of the 

assessments using the modified Allen’s test, pulse oximetry, plethysmography, and 

laser Doppler perfusion monitoring were compared.  No interrupted palmar arch was 

found. The modified Allen’s test was normal in all cases. Pulse oximetry detected a 5% 

incidence of noticeably reduced blood flow in one artery compared with the other 

artery. This dominance of one artery was identified in 69% of the hands by 

plethysmography. The laser Doppler noted a dominant artery in 64% of the hands. 

Plethysmography and the laser Doppler disagreed in their findings in only 9% of the 

hands evaluated. Numerical values of blood flow, attainable only by the laser Doppler, 

were significantly lower upon occlusion of the radial vs the ulnar arteries (p < 0.05; 

paired t-test). They concluded by stating that all of the tests provide information about 

the collateral circulation to the hand. Only the laser Doppler provides quantitative 
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blood flow. Further studies involving subjects most at risk for post cannulation 

ischemic injury are needed to guide the clinical application of these findings.[60] 

9. P POLA, M SERRICCHIO, R FLORE, E MANASSE, et al in 1996, verified the 

patency of the upper limb's arteries and the adequacy of the ulnar supply by static and 

dynamic Doppler evaluations. The use of the radial artery was contraindicated in 14 

cases (three for stenosis of the subclavian artery and 11 for inadequate 

collateralization). One hundred patients were operated on with the radial artery used as 

a graft; the remaining 74 patients had a different conduit placed. The vascularization of 

the hand was restudied within 10 days in all patients who underwent operation; in 63 

patients, it was studied again at 1 year. The early Doppler examination showed a 

significant increase in blood flow velocities in the ulnar artery, with a flow 

redistribution in the common digital palmar arteries (decreased in the first and 

increased in the second and the third). The late Doppler examination showed 

superimposable findings. No local ischemic complications were observed. They 

concluded that the Doppler study is a useful tool in the preoperative screening of 

candidates for radial artery harvesting for myocardial revascularization. [64] 

10. BENIT, P VRANCKX, L JASPERS, et al in 1996 conducted a study whose objective 

was to determine the percentage of patients presenting a positive (< 5 sec), a 

moderately positive (between 5-9 sec), or a negative A.T. (10 sec and more), They 

performed A.T. on 1,000 consecutive and different patients undergoing cardiac 

catheterization, on the right wrist, two times, each time by a different examinator 

trained in this test. An A.T. was performed on 1,000 patients:640 men, 360 women, 

mean age 62.3 yr (range 28-90 yr). In their population of patients, the relative 

percentages of a positive (< 5 sec), moderately positive (between 5-9 sec), or 

https://pubmed.ncbi.nlm.nih.gov/?term=Pola+P&cauthor_id=8800163
https://pubmed.ncbi.nlm.nih.gov/?term=Serricchio+M&cauthor_id=8800163
https://pubmed.ncbi.nlm.nih.gov/?term=Flore+R&cauthor_id=8800163
https://pubmed.ncbi.nlm.nih.gov/?term=Manasse+E&cauthor_id=8800163
https://pubmed.ncbi.nlm.nih.gov/?term=Benit+E&cauthor_id=8853140
https://pubmed.ncbi.nlm.nih.gov/?term=Vranckx+P&cauthor_id=8853140
https://pubmed.ncbi.nlm.nih.gov/?term=Jaspers+L&cauthor_id=8853140
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negatively modified Allen's test (10 sec and more) is 49%, 24%, and 27%, 

respectively.[15] 

 

11. EVELIO RODRIGUEZ, MICHAEL L. ORMONT, ERICA H. LAMBERT in 

2000 performed a   retrospective analysis of non-invasive radial artery testing on 187 

CABG patients. Criteria used to exclude radial arteries from harvest were anatomic 

abnormalities …size, 2 mm, diffuse calci®cations), and perfusion de®cits during radial 

artery occlusion.40% reduction in digital pressure, non-reversal of radial artery flow, or 

minimal increase in ulnar velocity). A questionnaire was used to determine the 

incidence of postoperative hand ischemia or rehabilitation. In 187 patients, 346 arms 

were evaluated. Ninety-four arms (27.1%) were excluded from harvesting. Anatomical 

abnormalities included size , 2 mm (1.5%), diffuse calcifications (8.7%), congenital 

anomalies (2.3%), and radial artery occlusion (0.3%). Circulatory abnormalities 

included non-reversal of flow (7.2%), abnormal digital pressures (5.5%), and an 

inappropriate increase in ulnar velocity (1.7%). A total of 116 radial arteries were 

harvested. There were no episodes of hand ischemia. No patient required hand 

rehabilitation. Doppler ultrasound and digital plethysmography identities both 

perfusion (14.5%) and anatomical (12.7%) abnormalities that may make the radial 

artery less suitable as a bypass conduit.[16] 

12. Martin a. Jarvis et al, 2000 performed a prospective study to determine the optimum 

cut-off point for a positive Allen’s test and the clinical reliability of Allen’s test. They 

examined 93 hands in 47 patients; the mean age was 63.6 years. Receiver operating 

characteristic analysis found that a conventional cut-off of 6 seconds on Allen’s test 

had a sensitivity of 54.5%, specificity of91.7%, and diagnostic accuracy of78.5%. At a 

cut-off of 5seconds diagnostic accuracy was maximal (79.6%), with a sensitivity of 
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75.8% and specificity of 81.7%; 100% sensitivity occurred at a cut-off of 3 seconds, 

with specificity of27% and diagnostic accuracy of 52%. They concluded by saying that. 

At no cut-off point does Allen’s test perform satisfactorily as a discriminatory test. It 

should be replaced by more objective tests, such as Doppler ultrasound.[41] 

13. EVELIO RODRIGUEZ, MICHAEL L. ORMONT, ERICA H. LAMBERT in 

2001, published a paper describing the role of preoperative radial artery ultrasound and 

digital plethysmography before coronary artery bypass grafting. The purpose of this 

study is to determine the value of this preoperative evaluation of collateral circulation 

of the hand. This was a retrospective analysis of non-invasive radial artery testing that 

was performed on 187 CABG patients. The Criteria used to exclude radial arteries from 

harvest were anatomic abnormalities size, 2 mm, diffuse calcifications, and perfusion 

deficits during radial artery occlusion 40% reduction in digital pressure, non-reversal of 

radial artery flow, or minimal increase in ulnar velocity. A questionnaire was used to 

determine the incidence of postoperative hand ischemia or rehabilitation. In 187 

patients, 346 arms were evaluated. Ninety-four arms (27.1%) were excluded from 

harvesting. Anatomical abnormalities included size, 2 mm (1.5%), diffuse 

calcifications (8.7%), congenital anomalies (2.3%), and radial artery occlusion (0.3%). 

Circulatory abnormalities included non-reversal of flow (7.2%), abnormal digital 

pressures (5.5%), and an inappropriate increase in ulnar velocity (1.7%). A total of 116 

radial arteries were harvested. There were no episodes of hand ischemia with no patient 

requiring hand rehabilitation. Doppler ultrasound and digital plethysmography 

identified both perfusion (14.5%) and anatomical (12.7%) abnormalities that may make 

the radial artery less suitable as a bypass conduit.[16] 

14. P RUENGSAKULRACH, M BROOKS, DL HARE, I GORDON, BF BUXTON in 

2001, performed a study to evaluate the Doppler ultrasonography in assessing hand 

https://pubmed.ncbi.nlm.nih.gov/?term=Ruengsakulrach+P&cauthor_id=11241088
https://pubmed.ncbi.nlm.nih.gov/?term=Brooks+M&cauthor_id=11241088
https://pubmed.ncbi.nlm.nih.gov/?term=Hare+DL&cauthor_id=11241088
https://pubmed.ncbi.nlm.nih.gov/?term=Gordon+I&cauthor_id=11241088
https://pubmed.ncbi.nlm.nih.gov/?term=Buxton+BF&cauthor_id=11241088
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collateral circulation, define the criteria for an abnormal Doppler ultrasonography 

dynamic test result; and to validate the modified Allen test. The hand circulation of 71 

patients scheduled for coronary artery bypass grafting was assessed using the Allen test 

and Doppler ultrasonography. The flow in the superficial palmar branch of the radial 

artery, the ulnar artery, and the dorsal digital thumb artery with and without radial 

artery compression were recorded. Flow patterns in the superficial palmar branch of the 

radial artery, the ulnar artery, and the dorsal digital thumb artery with radial artery 

compression were categorized into 4 groups: (1) no flow; (2) decreased flow; (3) 

reversed flow; and (4) increased flow. Among the 71 hands, 4 (5.6%) had an abnormal 

Allen test result (>10 seconds). Seven (10.6%) of 66 superficial palmar branches of the 

radial artery, 3 (4.2%) of 71 ulnar arteries, and 2 (2.8%) of 71 dorsal digital thumb 

arteries showed no flow with radial artery compression, as measured by Doppler 

ultrasonography. There were significant differences among the 4 groups (superficial 

palmar branch of the radial artery: F = 7.0, P <.001; ulnar artery: F = 13.1, P <.001; and 

dorsal digital thumb artery: F = 8.4, P <.001) for the Allen test. Pairwise comparisons 

showed that when subjected to an Allen test, category 1 patients (no flow) had 

significantly longer recovery times compared with the other groups (P <.02 in all cases) 

for the superficial palmar branch of the radial artery, the ulnar artery, and the dorsal 

digital thumb artery. The absence of flow in the dorsal digital thumb artery with radial 

artery compression is considered an absolute contraindication to radial artery 

harvesting. An increased recovery time with the modified Allen test predicts the 

absence of flow in the dorsal digital thumb artery in Doppler ultrasonographic flow 

patterns. This demonstrates the validity of the modified Allen test for primary 

screening.[61] 
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15. KAZUHIRO KOCHI, MD KAZUMASA ORIHASHI, MD TAIJIRO SUEDA, 

MD in 2003 introduced the snuffbox technique, measuring the radial artery at the 

anatomical snuffbox. They believed the Allen test to be a crude and subjective test and 

the Doppler to be an objective test in the assessment of hand circulation before radial 

artery harvesting. Doppler studies so far have neglected the Doppler principle that the 

insonation angles should be less than 30° and have not been compared with any 

standard except the crude Allen test. Maximal flow velocity and Doppler angles of the 

snuffbox, palmar artery, and ulnar artery were measured in 20 hands before and after 

radial artery harvesting. Stump pressure was measured during surgery. Maximal flow 

velocity in the snuffbox decreased with radial artery compression and after radial artery 

harvesting. All the flow patterns in the snuffbox technique showed simultaneous 

reversal. Maximal flow velocity in the ulnar artery increased with radial artery 

compression and after radial artery harvesting. Maximal flow velocity in the palmar 

artery did not change significantly with radial artery compression or after radial artery 

harvesting. Doppler angles were 20.9°  6.0° in the radial artery of the snuffbox, 

82.5°  6.1° at the palmar artery, and 81.0°  7.6° at the ulnar artery. The changes in the 

snuffbox technique were highly correlated with the stump pressure ratio (P <001). 

Among various colour Doppler methods, the snuffbox technique was precise and 

reliable.[65] 

16. GERALD R. BARBEAU, MD, FACC, FRANCOIS ARSENAULTS et al in 2004 

evaluated the patency of the hand collaterals arteries by comparing modified Allen's 

test[MAT] with combined plethysmography (PL) and pulse oximetry[OX] tests before 

the percutaneous transradial approach. Patients referred to the catheterization 

laboratory were prospectively examined with MAT, Plethysmography, and OX tests. 

PL readings during radial artery compression were divided into 4 types: A, no 
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damping; B, slight damping of pulse tracing; C, a loss followed by recovery; and D, no 

recovery of pulse tracing within 2 minutes. OX results were either positive or negative. 

Results of both tests were compared in 1010 consecutive patients. The results of 9 

seconds on either hand were seen in 93.7% of patients. PL and OX types A, B, or C on 

either hand were seen in 98.5% of patients. Based on the MAT 9 seconds criteria, 6.3% 

of patients were excluded from the transradial approach, whereas with PL and OX 

types A, B, and C, only 1.5% of patients were excluded. There was more exclusion in 

men and with increasing age by using both methods. In the evaluation of hand 

collaterals, PL and OX were found to be more sensitive than MAT. When applied to 

transradial approach screening, only 1.5% of patients were not suitable candidates for 

the transradial approach.[65] 

17. MICHAEL J. GREENWOOD, MBBS, FRACP, ANTHONY J. DELLA-SIEGA, 

MD, ERIC B. FRETZ, MD, et al in 2005, assessed the accuracy of Allen’s test (AT) 

in predicting hand ischemia in patients undergoing transradial coronary angiography. 

Patients with poor vascular communications between the radial artery (RA) and ulnar 

artery (UA), as indicated by an abnormal AT, are usually excluded from transradial 

coronary angiography to avoid ischemic hand complications. Over four months, 

patients undergoing coronary angiography were screened for AT time. Circulation in 

the RA, UA, principal artery of the thumb (PAT), and thumb capillary lactate were 

measured before and after 30 min of RA occlusion. Fifty-five patients were studied (20 

normal, 15 intermediate, 20 abnormal). Three patients with an abnormal AT were 

excluded, owing to the absence of detectible flow in the distal UA. Patients with an 

abnormal AT were all men, had a larger RA (3.4 vs. 2.8 mm; p  0.001), and smaller UA 

(1.9 vs. 2.5 mm; p  0.001), compared with patients with a normal AT. After 30 min of 

RA occlusion in patients with abnormal AT, blood flow to the PAT improved (3.2 to 
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7.7 cm/s; p  0.001) yet remained reduced relative to patients with normal AT (7.7 vs. 

21.4 cm/s; p  0.001. Thumb capillary lactate was elevated in patients with an abnormal 

AT (2.0 vs. 1.5 mmol/l; p   0.019). After 30 min of RA occlusion, patients with an 

abnormal AT showed significantly reduced blood flow to the thumb and increased 

thumb capillary lactate (compared with patients with a normal AT) suggestive of 

ischemia. Transradial cardiac catheterization should not be performed in patients with 

an abnormal AT. [41] 

18. KERIM CAGLI, MD, ALPER UZUN, MD, et al in 2006 analysed the feasibility of 

using modified Allen tests to evaluate arterial circulation in the forearm for possible 

radial artery grafting, and the correlation of these tests with Doppler ultrasonography 

was examined. The hand circulation of 50 patients scheduled for coronary artery 

bypass grafting was assessed by plethysmography, pulse oximetry, pencil Doppler, as 

well as Doppler ultrasonography. Flow, velocity, and diameter of the radial, ulnar, and 

snuffbox arteries were recorded, and radiological screening indices were evaluated to 

establish a standard set of criteria. The results of modified Allen tests by 

plethysmography and pulse oximetry demonstrated the dominance of the ulnar artery. 

The indices of flow x diameter and velocity x diameter, obtained from Doppler 

ultrasound measurements, confirmed the dominance of the ulnar artery. When 

compression was applied to the arteries sequentially, significant alterations were found. 

The arterial circulation in the forearm can be safely evaluated by the modified Allen 

tests with plethysmography, pulse oximetry, and pencil Doppler, as these results 

correlated with Doppler ultrasound.[10]  

19. ZHI-RONG ZHU, QIANG LI, et al in 2009, evaluated the correlation between the 

results of photoplethysmography and modified Allen test in healthy volunteers of 

different ages. In 240 healthy volunteers of 3 different age groups, namely the young 

https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+ZR&cauthor_id=19460745
https://pubmed.ncbi.nlm.nih.gov/?term=Li+Q&cauthor_id=19460745
https://pubmed.ncbi.nlm.nih.gov/?term=Tan+P&cauthor_id=19460745
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group (below 40 years of age, n=98), middle-aged group (between 40 and 60 years, 

n=74) and senior group (above 60 years, n=68), photoplethysmography and modified 

Allen test was performed to evaluate the recovery time of the hand circulation after 

relief of ulnar artery compression, and the correlation between the results of the two 

tests was analyzed. The results of photoplethysmography and the modified Allen test 

showed a positive linear correlation (P<0.01). The recovery time of hand circulation in 

the senior group was significantly longer than that in the young group and middle-aged 

group (P<0.01). In each group, the recovery time of the blood flow as defined by the 

modified Allen test was significantly shorter than that determined by the modified 

Allen test. the results of photoplethysmography and modified Allen test show a good 

positive linear correlation in determining the recovery time of hand blood flow in 

healthy volunteers of different ages after relief of the ulnar artery compression, but the 

results of the latter test can be more objective. [18] 

20. JOSEPH HABIB, LAUREEN BAETZ AND BHAGWAN SATRIANI in 2012 

assessed collateral circulation to the hand is required before invasive procedures or 

harvesting of the radial artery (RA). A modified Allen’s test (MAT) is commonly used 

to assess palmar arch collaterals. A variety of non-invasive methods including digital 

pressures, plethysmography, pulse oximetry and duplex ultrasonography are available 

to supplement physical examination. However, no consensus exists about the proper 

role of the MAT and the most appropriate non-invasive test (NIT) in this situation. 

Interpretation of the MAT and NIT findings are also controversial. This paper reviews 

the anatomy and the physiologic basis for the MAT and various NITs, the pros and 

cons of various NITs and recommendations for the assessment of collateral circulation 

to the hand before interventions directed at the RA. [34] 
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21. JOHN W. WOOD, MD; KAREN CHEN BROUSSARD, MD; BRIAN BURKEY, 

MD in 2013 compared the clinical Allen test, preoperative Doppler ultrasonography, 

and intraoperative surgical Allen test with postoperative clinical findings in the 

reconstruction of complex head and neck defects using radial forearm free flaps. A 

retrospective review of 143 consecutive patients who underwent radial forearm free 

flap reconstruction from January 1, 1992, through December 31, 2006, at Vanderbilt 

University Medical Center. The Flap survival rate was 96.4%. No patients experienced 

digital necrosis or other findings of acute ischemia. Two patients (1.9%) who had 

normal results of clinical and surgical Allen tests developed hand contracture and 

palmar nodule formation. Surgical Allen test findings were normal in all patients who 

underwent reconstruction. Eighty-two arms had documentation of clinical Allen testing 

and Doppler ultrasonography in the patients’ medical records. The agreement between 

these measures was 92.7%. The clinical Allen test result was 100% sensitive and 75% 

specific in predicting an abnormal Doppler ultrasonographic finding sensitive and 75% 

specific in predicting an abnormal Doppler ultrasonographic finding.’[42] 

22. MARCO VALGIMIGLI, GIANLUCA CAMPO, CARLO PENZO et al in 2014, 

aimed to investigate the safety and feasibility of transradial coronary catheterization 

across the whole spectrum of Allen test (AT) results. a total of 942 patients undergoing 

TRA were screened, and 203 were recruited, of whom 83, 60, and 60 had normal, 

intermediate, and abnormal AT results, respectively. Patients underwent serial 

assessments of thumb capillary lactate (the primary endpoint), thumb plethysmography, 

and ulnar frame count to investigate the patency of the ulnopalmar arches, as well as 

handgrip strength tests to examine the isometric strength of the hand and forearm 

muscles and discomfort ratings. Lactate did not differ among the 3 study groups after 

the procedure (1.85 ± 0.93 mmol/l in patients with normal AT results, 1.85 ± 0.66 

https://pubmed.ncbi.nlm.nih.gov/?term=Valgimigli+M&cauthor_id=24583305
https://pubmed.ncbi.nlm.nih.gov/?term=Campo+G&cauthor_id=24583305
https://pubmed.ncbi.nlm.nih.gov/?term=Penzo+C&cauthor_id=24583305
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mmol/l in those with intermediate results, and 1.97 ± 0.71 mmol/l in those with 

abnormal results; p = 0.59) or at other time points during the study. Plethysmography 

readings showed improvements of ulnopalmar collateralization in patients with non-

normal AT results, whereas the ulnar frame count was decreased, suggesting enhanced 

ulnar flow, in patients with abnormal AT results after TRA. Handgrip strength test 

results and discomfort ratings did not differ across AT groups. No hand ischemic 

complications occurred. This study provided proof of concept for a paradigm shift in 

cardiovascular intervention, suggesting the safety and feasibility of TRA across the 

whole spectrum of AT results.[19] 

23. STEFAN C SANDKER, ERWIN HONDEBRINK, JAN G GRANDJEAN, 

WIENDELT STEENBERGEN in 2014, investigated if laser speckle contrast analysis 

(LASCA) provides an objective determination of the reperfusion time of the hand after 

the Allens test. When the hand is illuminated with coherent laser light, the 

backscattered light will result in an interference pattern consisting of bright and dark 

areas called speckles. This speckle pattern will change due to the movement of red 

blood cells. LASCA uses these changes to visualize the perfusion during the Allen test. 

Reperfusion is measured on the palmar side of the hand. The reperfusion time is 

defined as the time from onset of reperfusion to maximum perfusion calculated by a 

polynomial curve fit. The reperfusion time of the hand of patients undergoing CABG (n 

= 30) was measured using LASCA and is compared to the conventional Allen test 

performed by the nurse practitioner.LASCA measurements showed a negative Allen 

test of both hands of 16 patients. Fourteen had a borderline reperfusion time of 5-6 

seconds and/or a positive Allen test of one or both hands. No statistically significant 

difference was observed for the LASCA Allen test compared to the conventional Allen 

test, P = 0.549 for the left hand and P = 0.223 for the right hand.LASCA was able to 

https://pubmed.ncbi.nlm.nih.gov/?term=Sandker+SC&cauthor_id=24302298
https://pubmed.ncbi.nlm.nih.gov/?term=Hondebrink+E&cauthor_id=24302298
https://pubmed.ncbi.nlm.nih.gov/?term=Grandjean+JG&cauthor_id=24302298
https://pubmed.ncbi.nlm.nih.gov/?term=Steenbergen+W&cauthor_id=24302298
https://pubmed.ncbi.nlm.nih.gov/?term=Steenbergen+W&cauthor_id=24302298
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visualize perfusion of the hand and measure a quick, moderate, slow reperfusion 

response or no reperfusion. It is technically feasible to determine the reperfusion time 

of the hand. LASCA can be a useful and objective tool to assess the ulnar collateral 

blood supply to the hand before harvesting the radial artery as a bypass graft.[20] 

24. ÓSCAR ROMEU-BORDAS, SENDOA BALLESTEROS-PEÑA et al 2017, 

evaluated the reliability and validity of the modified Allen test in screening for 

collateral. they performed a systematic review of the literature indexed in 6 databases. 

they developed a search strategy to locate studies comparing the Allen test to Doppler 

ultrasound to detect circulation deficits in the hand, studies assessing the incidence of 

ischemic events on arterial puncture after an abnormal Allen test result, and studies of 

Allen test interobserver agreement. Fourteen articles met the inclusion criteria. Nine 

assessed the validity of the test as a screening tool for detecting collateral circulation 

deficits. From data published in 3 studies that had followed comparable designs, we 

calculated a sensitivity of 77% and specificity of 93% for the Allen test. Four studies 

that assessed the ability of the test to predict ischemia did not predict any ischemic 

hand events following an arterial puncture in patients with abnormal Allen test results. 

A single study assessing the test's reliability reported an interobserver agreement rate of 

71.5%. The systematic review and metanalysis allowed them to conclude that the Allen 

test does not have sufficient diagnostic validity to serve as a screening tool for 

collateral circulation deficits in the hand. Nor is it a good predictor of hand ischemia 

after an arterial puncture. Moreover, its reliability is limited. There is insufficient 

evidence to support its systematic use before arterial puncture.[21]  

25. WOO-KEUN KWONA, B, WONKI YOONA, et al in 2017, conducted a study that 

retrospectively analyzed a group of patients who received TRCA, investigated peri-

procedural measurements indicating actual hand circulation, and studied their 

https://pubmed.ncbi.nlm.nih.gov/?term=Romeu-Bordas+%C3%93&cauthor_id=28825257
https://pubmed.ncbi.nlm.nih.gov/?term=Ballesteros-Pe%C3%B1a+S&cauthor_id=28825257
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correlation with the Allen test. A retrospective review of 168 patients who underwent 

TRCA between 2015 July and 2016 July, were included in this study. Preprocedural 

Allen test and Doppler ultrasonography for the radial artery (RA) and ulnar artery (UA) 

were done. Plethysmography tests, as well as pulse oximetry monitoring, were done 

before and during the procedure and intra-procedural angiography of the forearm and 

hand was done for assessment of palmar circulation. Pre-procedural UA diameters 

revealed a statistically significant correlation with manual Allen test results (P < 0.001, 

r = −0.381). The DUS RA diameters, however, did not correlate with any other pre-

procedural measurements. The mean contrast filling time on forearm angiography was 

3.33 ± 1.97 s, and it showed a statistically significant correlation with the capillary 

filling time of Allen tests (P < 0.001, r = 0.389). Manual Allen test results correlated 

with angiographic capillary filling of the distal hand circulation and pre-procedural UA 

diameters. Their results suggest that the Allen test sufficiently represent the collateral 

circulation status before TRCA.[55] 

26. MAARTEN A.H. VAN LEEUWEN, MD; MAURITS R. HOLLANDER et al in 

2017, documented the vascular anatomy of the hand by angiography in 234 patients 

undergoing transradial cardiac catheterization. In all patients, a preprocedural modified 

Allen test and Barbeau test were performed. The upper-extremity function was assessed 

at baseline and 2-year follow-up by the QuickDASH. The incompleteness of the 

superficial palmar arch (SPA) was present in 46%, the deep palmar arch was complete 

in all patients. Modified Allen test and Barbeau test results were associated with the 

incompleteness of the SPA (P=0.001 and P=0.001). The modified Allen test had a 33% 

sensitivity and 86% specificity for SPA incompleteness with a cutoff value of >10 

seconds and a 59% sensitivity and 60% specificity with a cutoff value of >5 seconds. 

The Barbeau test had a 7% sensitivity and 98% specificity for type D and a 21% 
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sensitivity and 93% specificity for types C and D combined. Upper-extremity 

dysfunction was not associated with SPA incompleteness (P=0.77). Although 

incompleteness of the SPA is common, digital blood supply is always preserved by a 

complete deep palmar arch. Preprocedural patency tests have thus no added benefit to 

prevent ischemic complications of the hand. Finally, incompleteness of the SPA is not 

associated with a loss of upper-extremity function after transradial catheterization. [39] 

27. S. SIVAHARINI1, K. YUVARAJ BABU2, KARTHIK GANESH MOHANRAJ in 

2018, performed a study with a comparative analysis of Allen’s test with Modified 

Allen’s test. The Allen’s test was performed by asking the subject to clench each fist 

tightly for 1 min at a constant time, pressure is applied the subject is asked to open the 

fingers, and the examiner compared the colour of each hand. In MAT, the patient’s 

hand is elevated and also the person is asked to clench their fist for a minimum of 30 s, 

pressure is applied. Still elevated, the hand is then opened. It ought to seem blanched 

and the colour will return within 5–15 s. Although there was no specific difference 

found between Allen’s test and the MAT, the resulting feature of these tests reveals the 

collateral circulation of the radial artery can be assessed by the MAT which might be 

helpful in several clinical examinations. They concluded by stating The Allen test to be 

a sensible and valid screening test for the circulation of the hand. Thus, if the blood 

supply from one of the arteries is stopped, the other arteries will provide adequate 

blood to the hand. A minority of individuals lack this dual blood supply.[40] 

 

28. ALEXANDER K. BARTELLA, MD; NINA FLICK MOHAMMAD KAMAL, 

MD, DMD et al in 2018, performed a study that reveals perfusion changes of the hand 

in patients with pathological and physiological AT after terminating the dual blood 
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supply. Patients were distributed into 2 groups (physiological and pathological AT) that 

each contained 25 members. Perfusion of the thumb, middle and small fingers was 

measured with a laser Doppler based (“oxygen-to-see” [O2C]) device. A steady-state 

was measured and also values at 1, 3, 5, and 10 minutes after radial occlusion were 

measured. In patients with a physiological AT, only 1 out of 18 values differed 

significantly from the steady-state measurements after 10 minutes, whereas patients 

with a pathological AT showed significant alterations in 8 out of 18 values. Oxygen 

saturation of the superficial and deep tissues appeared to be significantly worse in 

patients with a pathological AT. Patients with a pathological AT suffered significantly 

more from the loss of dual hand perfusion than patients with a physiological AT. 

Patients with pathological AT need more time to compensate for the altered perfusion 

pattern.[22] 

29. PIETRO DI SANTO, DAVID T HARNETT et al in 2018, compared the modified 

Allen test with a smartphone heart rate-monitoring application (photoplethysmography 

readings detected using a smartphone camera lens placed on the patient's index finger) 

in patients undergoing a planned cardiac catheterization. All patients then underwent 

conventional plethysmography of the index finger, followed by Doppler 

ultrasonography of the radial and ulnar arteries (the diagnostic standard). The primary 

outcome was the diagnostic accuracy of the heart rate monitoring application. Among 

438 patients who were included in the study, we found that the heart rate-monitoring 

application had a superior diagnostic accuracy compared with the modified Allen test 

(91.8% v. 81.7%, p = 0.002), attributable to its greater specificity (93.0% v. 82.8%, p = 

0.001). They also found that this application had greater diagnostic accuracy for 

assessment of radial or ulnar artery patency in the ipsilateral and contralateral wrist 

(94.0% v. 84.0%, p < 0.001). Thus concluding that a smartphone application used at 

https://pubmed.ncbi.nlm.nih.gov/?term=Di+Santo+P&cauthor_id=29615421
https://pubmed.ncbi.nlm.nih.gov/?term=Harnett+DT&cauthor_id=29615421
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the bedside was diagnostically superior to traditional physical examination for 

confirming ulnar patency before radial artery access. This study highlights the potential 

for smartphone-based diagnostics to aid in clinical decision-making at the patient's 

bedside. [23] 

30. DAVID G. LEVISOHN et al conducted a prospective study where forty non-random 

selected hands were studied with the use of four types of Allen’s test: (i) the digital 

systolic blood pressure method, (2) the subjective method, (3) the pulse oximetry 

method, and (4) the laser Doppler flowery method. The digital systolic blood pressure 

method, regarded as the standard, indicated abnormal pressure in three hands. Laser 

Doppler flowmetry gave the same results as those obtained by the digital systolic 

pressure method and, in addition, was easier to perform. Pulse oximetry falsely 

indicated adequacy of the collateral circulation in two of the three hands with abnormal 

digital systolic pressure. Eleven hands, including the three with abnormal digital 

systolic pressure, were abnormal according to the subjective method. The results of the 

present study indicate the following: (i) the laser Doppler Allen’s test is accurate, 

quick, and easy to perform; (2) the pulse oximeter Allen’s test should not be used 

because of potentially dangerous consequences to the patient in the event of a falsely 

normal result; and (3) the subjective. Allen’s test can be used as a quick screening 

test.[24]  

31. AHMED MOHAMED ZAREA, NADIA TAHA AHMED, et al in 2021 performed a 

study to compare MAT and BT for the assessment of hands’ collateral circulation 

before arterial puncture among critically ill patients. A descriptive research design was 

used. The study was conducted at three general intensive care units at a university 

hospital, in Egypt. A convenience sample of 100 newly admitted patients on the first 

day and aged from 18 to 60 years old were included. Exclusion criteria were patients 
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with unstable hemodynamics, surgery or burn in upper limbs and arteriovenous 

shunt.“Hands’ collateral circulation assessment” was used. MAT and BT were done 

once by the same researcher for all patients. The studied patients showed that 70% had 

a positive MAT, and 84 % had a positive BT with a significant difference between the 

results of the two tests (p = 0.009). Higher percentages of the patients with a positive 

BT had normal heart rate (58%), mean arterial blood pressure (58%), body temperature 

(34%), peripheral pulse (50%), capillary refill time (73%) and warm skin (54%).BT 

can predict and is more sensitive than MAT in assessing hands’ collateral circulation 

before arterial puncture.[25] 

32. MANUEL TOUSIDONIS, JOSÉ IGNACIO SALMERÓN ESCOBAR et al 2021, 

included 87 consecutive patients with cancer of the oral cavity and RFFF as the flap of 

choice who were treated between 2010 and 2020 in a study to compare the results of 

the Clinical Allen Test (CAT), the Doppler Allen Test (DAT) and the Surgical Allen 

Test (SAT). The preoperative vascular study found vascular abnormalities severe 

enough for the surgical team to change the preoperative flap of choice in 39% of 

patients. The Kappa index showed a weak concordance between the CAT and DAT. 

The study reflected a total concordance in the preoperative results of the Doppler study 

and the intraoperative results of the SAT. Due to its excellent agreement with SAT, the 

DAT would be the preoperative test of choice in patients who are candidates for RFFF. 

This study of vascular mapping tests with Doppler is intended to inform therapeutic 

decisions and present methods to gain information that cannot be obtained by physical 

examination alone. 
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3. Methodology 

 

A prospective experimental study was conducted from November 2019 to September 2021 in 

patients undergoing reconstructive surgery using a Radial free forearm flap. 

INCLUSION CRITERIA: 

1.  Patients diagnosed with oral cancers undergoing reconstructive surgery with radial free 

forearm flap reconstruction. 

2.  Patients of the age group 20 years and above of age. 

3.  Patients who have provided consent. 

EXCLUSION CRITERIA:  

1. Patients with injuries and trauma to the forearm. 

2. Patients with a recent history of radial artery puncture. 

3. Patients with a previous history of radial artery harvest 

Informed consent was obtained from all patients included in the study. 

Preoperatively, Allen’s test, Modified Allen’s test, Pulse Oximetry and Colour-flow Doppler 

Ultrasound was conducted on all patients meeting the inclusion criteria by a single operator. 

The colour doppler was considered as a gold standard and the other tests were compared to it. 

• All tests were conducted in the same well-lit room and at room temperature. All 

patients were subjected to the 4 tests in question. 

• The tests were similarly conducted on both hands. Except in Allen’s test. 

• Compression over the radial artery was performed by a single operator throughout the 

study to reduce bias.  

• All patients were in a supine position with arms extended to the level of the heart to 

reduce bias. Hyperextension of the fingers was avoided. 
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 ALLEN’S TEST: 

The test was conducted on both hands simultaneously. With the patient in a supine position 

and the hand positioned at the level of the heart the location of both the UA and the RA was 

detected by manual palpation and were occluded using 3 digits of a single operator, following 

which the patient was asked to clench and unclench the hand for 30 seconds to exsanguinate 

the hand. The hand was then fully opened, making certain that the wrist and fingers are not 

hyperextended or splayed out to prevent false-positive results. Once the palmar blanching was 

noted, the compression over the ulnar artery was selectively released and the presence or 

absence of flush in the palm, thumb, and thenar eminence was noted. The test was considered 

negative if the palmar flush appeared and was considered positive if otherwise. (Table 1) The 

Allen’s test, originally described, had no mention of any time taken for the appearance of the 

palmar flush. (figure 1) 

 

 MODIFIED ALLEN’S TEST:  

 One hand is examined at a time. The patient is positioned supine with their hand elevated and 

is asked to clench their fist for approximately 30 s. Pressure is applied over the ulnar and the 

radial arteries thus occluding them. The hand is then unclenched and opened to a blanched 

palm. The Ulnar pressure is discharged, whereas radial pressure is maintained. The time taken 

for the palmar flush to return, especially over the thumb and thenar eminence was recorded.  

If colour returns within 10s as described, Modified Allen’s test was taken into account to be 

normal. If colour fails to return after 10s, the test was considered to be abnormal, suggesting 

the ulnar artery supply to the hand is inadequate. (figure 1) (table 2) 

 

 

PULSE OXIMETRY: 

With the patient in the supine position, the patient was asked to extend their hand to their side 
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at the level of their heart. A pulse oximetry probe was placed on the thumb of the patient and 

saturation and pulse rate readings were noted. Thereafter, the radial and ulnar arteries were 

simultaneously occluded by a single operator till the saturation dropped to 0% suggesting no 

perfusion. The pressure over the ulnar artery was then released and the oxygen saturation and 

the time taken for reperfusion was recorded. The test was repeated similarly on the other hand. 

Reperfusion time greater than 15s was considered abnormal.  

All the tests were carried out on the same probe and by a single operator to reduce bias. 

 (Figure 2) (table 3) 

 

 COLOUR DOPPLER ULTRASOUND (SNUFFBOX TECHNIQUE): 

This test was performed by an experienced radiologist using a 7-12 MHz linear transducer with 

a Philips HD 7 ultrasound machine. The patient was asked to lay in a supine position with arms 

fully extended at heart level. After measurement of the diameters of the RA and UA, 

maximum blood flow velocity was recorded. The appropriate site for the placement of the 

Doppler probe was estimated by the palpation of RA and UA pulsations over the wrist. The 

probe was adjusted to the center of the vessel by locating the characteristic sound produced by 

the blood flow at the pulse rate frequency.  The probe was then moved onto the anatomical 

snuffbox between the tendons of the extensor policies. The probe was then shifted higher 

towards the thumb until the pulsations of the Princeps pollicis artery was detected. The SPA 

was detected by placing the probe on the palmar surface of the hand between the third and 

fourth metacarpals until the detection of a high-frequency signal indicating arterial blood flow 

was recorded. The maximal velocity of the blood flow (Vmax) was recorded for the RA at the 

wrist, UA at the wrist, RA at the snuffbox, the Princeps pollicis at the thumb and the SPA 

before and after the radial artery compression.(figure 3 a,b,c,d,e,f) 

The pressure over the radial artery was applied by a single operator using three digits until the 

flow of the radial artery at the wrist was zero i.e. Vmax RA at wrist = 0cm/s.  
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The Vmax at the UA, RA at the snuffbox, the SPA and the Princeps polices was then 

sequentially assessed and tabulated. 

 

If the Vmax at the UA and the SPA showed no change or an increased blood flow and the 

Vmax at RA snuffbox demonstrated flow reversal, the result was considered to be positive for 

collateral blood flow from the UA to the hand and the test was noted as “normal”. (figure3g) 

 

If the Vmax at the RA snuffbox is zero with no reversal flow and decrease in the blood flow at 

the SPA, with no change in the Vmax UA, then the result was considered as negative for 

collateral blood flow from the UA to the hand and the test was noted as “abnormal”.  

(figure 3h,i) 

 

However, if the Vmax UA increases concurrently with the disappearance of blood flow at the 

SPA, then the result was considered as negative for a complete arch with no collaterals from 

the UA and the test was noted as “abnormal”. (Table 4) 

 

Data is analysed using R software version 4.1.2 and Microsoft Excel. Categorical variables are 

represented by frequency and percentage. Continuous variables are given in the Mean ± SD/ 

Median (Min, Max) form. The paired t-test is used to compare different variables over time 

corresponding to right and left hand. Diagnostic parameters (Sensitivity, Specificity, negative 

predictive value and positive values are calculated for Allen’s test, modified Allen’s test and 

pulse oximetry with colour doppler ultrasound as the gold standard. Kappa agreement is 

checked for Allen’s test, modified Allen’s test and pulse oximetry with colour doppler 

ultrasound as the gold standard. P-value less than or equal to 0.05 indicates statistical 

significance. 
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DATA COLLECTION FORM: 

 

NAME 

AGE / SEX: 

OP NO: 

DIAGNOSIS: 

DATE OF TEST: 

 

Table 1: DATA COLLECTION FOR ALLEN’S TEST  

 

 

 

 

 

 

 

Table 2: DATA COLLECTION FOR MODIFIED ALLEN’S TEST 

 

RIGHT-HAND/ LEFT HAND 

Time Taken for Palmar Flush 

(s) 

Normal / Abnormal Test 

  

 

 

 

 

 

  

RIGHT-HAND / LEFT HAND 

Positive /Negative 
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Table 3: DATA COLLECTION FOR PULSE OXIMETRY TEST 

 

RIGHT-HAND / LEFT HAND 

BEFORE RA 

COMPRESSIONS 

AFTER RA COMPRESSION 

02  

Saturation 

(%) 

Pulse 

 Rate 

(beats/min) 

02  

Saturation 

(%) 

Pulse 

 Rate 

(beats/min) 

Time Taken for Flow to 

Return 

(s) 

     

 

 

Table 4: DATA COLLECTION FOR COLOUR DOPPLER ULTRASONOGRAPHY 

 

RIGHT HAND / LEFT HAND 

BEFORE RA COMPRESSION/ AFTER RA COMPRESSION 

Vmax RA 

(Wrist) 

Vmax RA 

(Snuffbox) 

Vmax UA Vmax SPA Vmax Princeps 

Pollicis 

REVERSAL 

BLOOD FLOW 

ON RA 

COMPRESSION 
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4. Results 

 
Data contains measurements on 36 subjects whose age ranges from 28-70 years with 

mean age 50.97 ± 11.46 years. The following table gives the distribution of 

demographic variables. 

 

TABLE 5: DISTRIBUTION OF SUBJECTS BASED ON AGE GROUPS 

 

 

Figure 1: Distribution of subjects according to age.  

Variables Sub Category Number of subjects (%) 

Age (years) 

≤ 30 1 (2.78%) 

31-40 6 (16.67%) 

41-50 12 (33.33%) 

51-60 8 (22.22%) 

61-70 9 (25%) 

Mean ± SD 

Median (Min, 

Max) 

50.97 ± 11.46    

48 (28, 70) 
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TABLE 6: DISTRIBUTION OF SUBJECTS BASD ON GENDER 

Gender 

Female 8 (22.22%) 

Male 28 (77.78%) 

Total  36 

 

 

Figure 2: Distribution of subjects according to gender. 

 

Out of 36 subjects, 28 (77.78%) are males and 8 (22.22%) are females with a gender 

ratio of 3.5:1.  
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The following table gives the distribution of subjects according to different variables. 

TABLE 7: DISTRIBUTION OF SUBJECTS ACCORDING TO DIFFERENT 

VARIABLES. 

Variables Sub Category 
Number of 

subjects (%) 

Allen’s Test 

 

Abnormal (Positive) 6 (8.45%) 

Normal (Negative) 65 (91.55%) 

Modified Allen’s test 

(MAT) 

Abnormal 
6 (8.45%) 

Normal 
65 (91.55%) 

Time is taken for palmer 

flush (s) in MAT 

Mean ± SD 

Median (Min, Max) 

5.86 ± 2.75 

5.5 (2, 15) 

Pulse Oximetry (PO) 

Abnormal 
14 (19.72%) 

Normal 
57 (80.28%) 

Time is taken for flow to 

return (s) in PO 

Mean ± SD 

Median (Min, Max) 

8.77 ± 5.68 

6 (3, 21) 

Colour Doppler ultrasound 
Abnormal (Absent) 17 (23.94%) 

Normal (Present) 54 (76.06%) 

 

Out of 71 hands (36 subjects), 65 (91.55%) had Allen’s test result negative and 6 (8.45%) 

showed positive (abnormal). Modified Allen’s test showed abnormal results for 6 (8.45%) 

subjects with a total mean of 5.86 ± 2.75s for the time taken for palmar flush to return, 

14 (19.72%) displayed abnormal results in pulse oximetry with reperfusion time >15s, 

while 57 (80.28%) showed normal results. The mean time taken for blood flow to return 

was 8.77 ± 5.68s. 

Out of 71 hands,54 (76.06%) subjects had reverse flow and 17 (23.94%) didn’t. (i.e., as 

per the colour doppler ultrasound, the abnormal result was observed in 17 (23.94%) 

hands). The tests with the absence of flow reversal were considered abnormal tests.  
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Figure 3: Distribution of subjects according to Allen’s test. 

 

 

Figure 4: Distribution of subjects according to modified Allen’s test.  
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Figure 5: Distribution of subjects according to pulse oximetry. 

 

 

Figure 6: Distribution of subjects according to colour doppler ultrasound as per 

presence or absence of flow reversal. 
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The following table gives the diagnostic parameters of different variables with ultrasound. 

TABLE 8: DIAGNOSTIC PARAMETERS OF DIFFERENT VARIABLES WITH 

ULTRASOUND. 

 

Abbreviation: PPV – Positive predictive value, NPV – Negative Predictive value, * indicates 

statistical significance. 

Allen’s test and modified Allen’s test had only 35.29% sensitivity in predicting abnormality 

whereas Pulse oximetry has 76.47% sensitivity in predicting abnormality. Allen’s test and 

modified Allen’s test scored 100% specificity whereas pulse oximetry scored 98.15% 

specificity.  

From the Kappa agreement tests, we observe that pulse oximetry has a significant substantial 

agreement with colour doppler ultrasound with a Kappa coefficient of 0.7942 (p-value < 

0.001).  

Allen’s test and modified Allen’s test had a significant moderate agreement with colour 

doppler ultrasound with a Kappa coefficient of 0.4535 (p-value = 0.0081).  
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Figure 7: ROC curve of Allen’s test, modified Allen’s test and pulse oximetry with colour 

doppler ultrasound in predicting abnormality. 

 

The following table gives the comparison of UA and RA diameter over colour doppler 

ultrasound results. 

 

From the Wilcoxon test, we observe that there is a significant difference in the distribution of 

Vmax SPA of the right hand and Vmax Princeps Pollicis of both hands over time 

. 

1. Vmax SPA drop was observed in 19 (26.76%) subjects. 

2. SPO2 drop was observed in 13 (18.31%) subjects but not >5% 
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TABLE 9: COMPARISON OF DIFFERENT VARIABLES OF THE HANDS OVER 

TIME BEFORE AND AFTER RA COMPRESSION 

Variables 

Timepoint 

p-value 

 

Timepoint p-value 

 LEFT HAND  RIGHT HAND  

BEFORE AFTER BEFORE AFTER 

O2 

saturation 

(%) 

97 ± 1.71 

97 (92, 

100) 

93.74 ± 

3.33 

94 (82, 

100) 

< 

0.001PT* 

97.08 ± 

2.12 

97 (92, 

100) 

93.86 ± 3.08 

94 (81, 99) 

< 

0.001PT* 

Vmax RA 

(Wrist) 

89.2 ± 

28.11 

95 (33, 

153) 

0 ± 0 

0 (0, 0) 

< 

0.001PT* 

92.67 ± 

30.9 

94 (41, 

158) 

0 ± 0 

0 (0, 0) 

< 

0.001PT* 

Vmax RA 

(Snuffbox) 

62.49 ± 

17.43 

62 (34, 

130) 

30.86 ± 

23.24 

34 (0, 85) 

< 

0.001PT* 

65.94 ± 

21.17 

64.5 (38, 

113) 

34.67 ± 

22.23 

38 (0, 74) 

< 

0.001PT* 

Vmax UA 

76.09 ± 

25.28 

83 (33, 

140) 

99.14 ± 

28.92 

104 (22, 

149) 

< 

0.001PT* 

82.03 ± 

30.14 

81 (27, 

155) 

109.47 ± 

32.9 

99.5 (65, 

189) 

< 

0.001PT* 

Vmax SPA 

51.37 ± 

17.08 

45 (21, 90) 

58.82 ± 

22.97 

57 (12, 

120) 

0.0047PT* 

53 ± 22.73 

47 (20, 

106) 

58.56 ± 

27.82 

56 (13, 150) 

0.0256 W* 

Vmax 

Princeps 

Pollicis 

33.54 ± 

16.89 

29 (10, 87) 

17.16 ± 

11.25 

16 (0, 40) 

< 0.001 

W* 

36.72 ± 

23.87 

27 (12, 

108) 

16.03 ± 

12.31 

13 (0, 45) 

< 0.001 

W* 

Abbreviation: PT – Paired t-test, W – Wilcoxon test, * indicates statistical significance. 

From paired t-test, we observe that there is a significant difference in mean O2 saturation, 

Vmax RA (wrist), Vmax RA (Snuffbox), Vmax UA of both hands and Vmax SPA of the left hand 

over time
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6. Discussion 

 
Radial forearm free flap, owing to its versatility, has been widely suited for the 

reconstruction of orofacial defects from time immemorial [2]. However, there have been 

studies that have reiterated the various complications that are associated with RFFF, 

especially in the donor site region as mentioned by Timmons et al in 1986 [26] and David 

Richardson et al 1995[27]. One of the potential demerits of RFFF is the possibility of 

precipitating a rare but grave complication of hand ischemia due to the harvest of one of the 

principal arteries supplying the hand. [28] 

With an intricate network of collaterals, the primary blood supply of the digits is the 

palmar vasculature dominated by the superficial and the deep palmar arches. However, there 

have been several studies both clinical [29]and cadaveric [30] that have depicted the anatomical 

variation of these arterial patterns of the hand.  

Weathersby, in his study, examined 408 hands and found disparity from the normal 

anatomy described in the literature in 18.8% of the specimens [49]. Jones and O’Brian, in 

their study, encountered a case of acute ischemia of the hand after the radial forearm flap 

elevation and presumed it to be due to an incomplete arch pattern of the hand [50]. Gellman et 

al in 2001, stated the superficial palmar arch to be more variable than its deep counterpart 

and classified them as complete arch and incomplete arch. In his cadaveric study, he 

identified 84.4% of complete and 15.6% of incomplete arches [31]. Hence, in our study as 

well, we have emphasized the need for a complete superficial palmar arch for the presence 

of collateral circulation to the hand. 

The harvest of the radial artery is conducive only in cases where the collateral blood 

supply to the hand is present or develops at a later date, thus avoiding the complication of 
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ischemia. Preoperative screening tests of the hand before the harvest have been followed for 

decades to identify the absence of collateral blood supply. Various tests ranging from non-

invasive bedside tests to invasive and surgical tests have been propagated over the years, 

namely, Allen’s test [32], Modified Allen’s test [33], Digital plethysmography, digital doppler 

waveforms and pressures, duplex ultrasound, duplex ultrasonography dynamic test [34], Pulse 

oximetry [35], Barbeau test [36], Doppler ultrasound [37] Computed tomography angiography 

(CTA), Magnetic resonance angiography (MRA) [38]. As mentioned by Manuel Tousidonis 

et al in 2021, the most specific and sensitive test of all is the Surgical Allen’s test [SAT] 

owing to direct visualization of the radial artery and clamping it before the harvest and 

examining the palmar flush, nevertheless, it is an extremely invasive test that cannot be used 

preoperatively [38].  van Leeuwen et al in 2017 [39] although invasive, used Angiography as 

the gold standard to verify the completeness of the dual palmar arches, as it demonstrated 

the accurate vascular anatomy. The Angiography coupled with CTA and MRA provides the 

knowledge of the vascular supply of the hand to the surgeon, thereby decreasing the 

intraoperative time and donor site morbidity [38] but at the cost of being more expensive and 

decreased versatility as they do not allow the dynamic assessment of the distal-most 

vasculature of the hand with Allen’s test. On the contrary, as elucidated by Manuel 

Tousidonis et al in 2021, the Doppler Ultrasonography aids in vascular mapping, with 

benefits of decreased morbidity, being less expensive and non-invasive with the additional 

information of providing flow velocities, waveforms and the accommodation of performing 

Allen’s test whilst the test is being performed thus having 100% correlation with the SAT 

[38]. Therefore, in our study, we have chosen Doppler Ultrasonography as the gold standard 

to compare Allen’s test, Modified Allen’s test and Pulse oximetry in terms of specificity and 

sensitivity.  
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In 1929, Edgar V Allen introduced a method to detect and evaluate the adequacy of 

the ulnar-palmar circulation of the hand in patients with thromboangiitis obliterans [32]. It is a 

simple, time-honored, non-invasive test, however, with no mention of the time taken for the 

return of the palmar flush, Allen’s test has been critiqued to be subjective and unreliable, 

with a high probability of false-negative and false-positive results.[40] The consequences of a 

false negative test can predispose the surgeon to select the hand with no collateral blood 

circulation thereby risking the incidence of ischemic complications. Martin A Jarvis et al in 

2000[41], compared 93 hands in 47 patients with Allen’s test to Doppler Ultrasound to find 

23 positive and 70 negative Allen’s tests having 54.5% sensitivity and 91.7% of specificity. 

John Wood and Karen Broussard et al in 2013[42], compared the clinical Allen’s test to 

preoperative Doppler Ultrasonography and intraoperative Surgical Allen’s test in patients 

indicated for RFFF. 84 arms were documented to have undergone the aforementioned tests 

with the Clinical Allen’s test showing 100% sensitivity and 75% specificity to abnormal 

Doppler Ultrasonographic predictions. The study concluded by stating Allen’s test as a valid 

method of detecting anatomical aberrations preoperatively. In our study, Allen's test was 

performed in 71 hands (36 subjects, one hand being excluded due to cannulation),65 hands 

were negative and 6 hands were positive for Allen's test. In comparison with Doppler 

ultrasound as a gold standard, the sensitivity was and specificity was 35.29% and 100% 

respectively, with a diagnostic accuracy of 84.51%. (table 8) 

To overcome the shortcomings of Allen's test, it was modified by Irvin Wright in 1952 

by adding a time cut-off to make the assessment more objective. This test was named 

Modified Allen’s test where each hand is elevated and held clenched for 30 seconds instead 

of 1 minute and the acceptable time for the return of the palmar flush was deemed to be 3-

12s [43]. Modified Allen’s test gained much popularity and has been used as a common 
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screening test for preoperative assessment of the palmar circulation. Various researchers 

such as Glavin et al 1989 [44], Sajja et al 2002 [45]  Kohonen et al 2008[46] have chosen 6s as 

the cut off for a normal test, while Johnson et al 1998 [47]  arbitrarily chose 12s and Barbeau 

et al 2004 [48] chose 9s as the cut off for a normal test in 1010 patients. On the contrary, 

Jarvis et al [41] in 2000, compared Allen’s test to Doppler ultrasound test with the 

conventional 6s cut off that had the sensitivity of 54.5%, specificity of 91.7% and diagnostic 

accuracy of 78.5 %; with a cut off of 5s, the diagnostic accuracy was 79.6%, sensitivity of 

75% and specificity 81.7%; 100% sensitivity, 27% specificity and 52% diagnostic accuracy 

with a 3s cut-off.  

In 2000, Yokoyama et al [52] examined 102 patients for MAT vs Doppler ultrasound 

with a 10s cut off and stated the MAT to be a valid primary screening test.  Ruengsakulrach 

et al 2001, termed their tests results as abnormal with a cut off of >10s [61], Agrifoglio et al in 

2005 [53], compared MAT with a 10s cut off to Doppler ultrasonography with 100% 

sensitivity of MAT. In 2014, Al-Metwalli et al [54] randomly selected 42 volunteers to 

evaluate the MAT with a 10s cut off with Doppler ultrasonography. He reported a 100% 

sensitivity and 83.9% specificity of MAT with a low PPV of 18.7%.  Tousidonis et al 2021, 

categorized the test as sufficient (<5s), indeterminate (6-10s) and insufficient (>10s) [38]. In a 

study by Woo-Keun Kwon et al [55] in 2017, the collateral circulation was evaluated with 

Modified Allen’s test, Doppler ultrasound and Plethysmography and compared to 

Angiography as the gold standard. The Allen’s test was considered normal if the distal 

capillary filling time was >10s after releasing of UA compression. The study concluded with 

Allen’s test correlating (p<0.001) with the angiographic distal capillary filling time. In our 

study, the cut off time for a “normal” test was considered to be >10s. If the palmar flush 

appeared after the 10s-time limit, the test was considered to be “abnormal”.  
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Glavin et al 1989 [44] evaluated 150 forearms in 75 subjects and assessed the palmar 

circulation comparing AT, Pulse oximetry, Pulse monitor to Doppler ultrasound as the gold 

standard. He concluded the sensitivity and specificity of Allen's test at a 6s cut off to be 87% 

and 57% respectively with the positive predictive value to be 0.98 and the negative 

predictive value to be 0.18. Starnes et al 1999 [51] studied 257 extremities undergoing MAT 

with Doppler ultrasound and concluded 14/115 (12.2%) dominant and 16/122 (14.3%) non-

dominant arms had a positive or an abnormal MAT. The MAT on the non-dominant showed 

50% sensitivity and 96.4% specificity; 57.1% sensitivity and 85.2% specificity on the 

dominant arm. In our study, the MAT showed to be 33.33% sensitive and 100% specific on 

the left hand and 37.5% sensitive and 100% specific on the right hand at 10s cut off. While 

Modified Allen’s test is cheap, simple and requires no patient cooperation, it is however 

subjective and prone to observer bias with a considerable rate of false positive and false 

negative results [34]. We have encountered 6 false-negative MATS on the left hand and 5 on 

the right hand with the total sensitivity and specificity of 35.29% and 100% respectively, 

and diagnostic accuracy of 84.51%. (table 8) 

To bypass confounding factors such as poor lighting, skin pigmentation, poor palmar 

flush with perfusion, lack of balance of arterial compressions and testing on uncooperative 

or unconscious patients that are commonly associated with Allen’s test and MAT, Cheng et 

al in 1989 [56] evaluated the palmar circulation using the pulse oximeter probe. He examined 

the collateral circulation in 31 patients using MAT and pulse oximetry by placing the 

oximeter probe on the index finger followed by compression of the RA and UA until no 

perfusion was noted on the oximeter. The compression over the UA and RA was 

sequentially released consequently recording the reperfusion time. The Reperfusion time 

<15s was considered normal. He concluded with the PO having the ability to significantly 
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detect the collateral circulation. As the pulse oximeter has become an essential device in 

day-to-day medical practice, its availability in all operating rooms and ICUs are warranted. 

The pulse oximeter has the propensity to detect arterial pulsations thus determining arterial 

oxygen saturation.[57]. In our study, we have considered the test to be abnormal if the 

reperfusion time was greater than 15s. Hovagim et al in 1989 conducted a study on 

evaluation of the palmar vascular using pulse oximetry and concluded the pulse oximetry to 

be an objective adjuvant.[35] 

 In 1999, Takahiko Shibahara et al, [58] monitored the survival of RFFF using pulse 

oximeters in 20 patients. The oxygen saturation and vascularisation of the hand indicated for 

radial flap harvest was measured on the release of the tourniquet and clamping of the radial 

artery. They recorded a significant decrease in the mean oxygen saturation from 98.7 ± 

0.65% to 96.5 ± 1.09% (p<0.01) after the radial artery clamping intraoperatively 

subsequently followed by its recovery in all subjects after 3 minutes post clamping however, 

the oxygen saturation never dropped by more than 5%. A similar result was recorded in our 

study where we found a decrease of the mean oxygen saturation of the left and right hand on 

compression of the radial artery with not more than a 5% fall in the saturation levels. (table 

9)  

Lawson et al in their study [59] confirmed that the oximeters are capable of recording 

signals even if the blood flow is only 4-8.6% of the measured baseline, thereby heightening 

the tendency of the pulse oximeter to be sensitive to even minimal collateral circulation. 

In 1989, a study by Glavin et al[44] assessing pulse oximeter to the Doppler ultrasound 

as the gold standard resulted in the oximeter demonstrating the sensitivity of 100%, PPV of 

0.95  and low specificity and NPV. In 2002, Sajja et al [45] stated the negative Allen’s test in 

combination with the pulse oximetry and palpability of the pulse of the distal radial artery 
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after proximal occlusion is a reliable method to adequately assess the collateral palmar 

circulation. The current study depicted the sensitivity of pulse oximetry to be 76.47% and 

specificity and diagnostic accuracy to be 98.15% and 92.96% respectively.(table8) 

In 1991, K Pillow and I A Herrick [59], assessed the reliability of the pulse oximeter to 

detect the lack or presence of collateral ulnar-palmar circulation and compared it to Doppler 

ultrasonography. The study demonstrated the efficiency of the pulse oximeter to be 

equivalent to the Doppler device thereby being a reliable, non-invasive method of collateral 

circulation assessment. In our study, we observed a similar finding with the pulse oximetry 

having a significant substantial agreement with colour doppler ultrasound with a Kappa 

coefficient of 0.7672 (p-value < 0.001).  

On the contrary, in 1995 Fuhrman et al [60] compared the flow measurements of laser 

Doppler on palmar circulation with the results of Allen’s test, Pulse oximetry and 

Plethysmography concluding the laser Doppler to be the only test to quantitatively measure 

the blood flow.  

In 2004, Gerald Barbeau [11] described a new method of utilizing the plethysmography 

waveforms present on the pulse oximeters most commonly available cardiac monitors. It 

was named the Barbeau test. As plethysmography waveforms cannot be displayed with 

insufficient blood supply to the extremities, the presence of a waveform invariably confirms 

the presence of blood flow. As per Bonnet Becker, Hann et al 2015, the Barbeau test was 

more sensitive and less subjective compared to MAT. On the contrary, Unlu et al 2008, van 

Leeuwen et al 2017[39], Hahalis et al 2018, and Golamari and Gilchrist 2020 state no 

evidence to justify the Barbeau test as well as MAT an alternate tool to objectively assess 

the collateral circulation to prevent hand ischemia. However, in the present study, due to the 

lack of instrumentation, the plethysmographic waveforms were not utilized for the 
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assessment and only reperfusion time was considered. 

In our study, the pulse oximeter probe was placed on the thumb instead of the 

commonly followed placement over the index finger as the thenar eminence and the thumb 

are predominantly dependent on the radial artery especially in incomplete superficial palmar 

arches [36]. (figure 2) 

The gold standard test in our study was the Color Doppler Ultrasonography against 

which all our other tests were weighed. The vantage aspect of the DUS is its aptitude to 

display the vascular anatomy, assess the physiological adaptations of the vasculature by 

observing the blood flow direction of the RA, it aids in measuring the flow velocity thus 

providing dynamic evidence of the collateral vasculature. D36 

In 1973, Mozersky et al [37] evaluated the adequacy or completeness of the SPA in 140 

hands (70 volunteers) by DUS velocity detector. They stated the SPA as the distal transverse 

vessel in the palm, and by close observation of the change in the direction & quantity of 

flow velocity, they could identify a complete SPA in 65.7% and incomplete SPA in 34.3 % 

of their subjects. They also observed the UA be the dominant one in 87.1% and RA with 

complete arch and good retrograde flow in 2.1% of patients. Thus concluding 89.2% of their 

patients had adequate collateral circulation on the harvest of the RA. In our study, we have 

closely observed the SPA before and after the compression of RA. We found a Mean ±SD 

velocity at SPA to be 53 ± 22.73 cm/s before and 58.56 ± 27.82cm/s after RA compression 

in the right hand and 51.37 ± 17.08cm/s before and 58.82 ± 22.97cm/s after RA 

compression. We observed, in our study, 8 right hands and 9 left hands showed a drop in the 

flow velocity thereby depicting an incomplete arch. The distal transverse artery chosen by us 

was the Princeps polices artery as it is a principal artery originating from the RA that 

supplies the thumb. The princeps polices being the distal-most artery could accurately 
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predict the perfusion of the collaterals to the thumb. Any absence of flow to this artery with 

RA compression was considered an “abnormal test” with an absolute contraindication for 

RA harvest.  (figure 3a,b,c,d,e,f) 

In 1983 [62] and 1985[63], Docher et al assessed 200 hands of volunteers with DUS. The 

SPA was scanned similarly to that in the study by Mozersky et al [37].  A complete SPA was 

considered when the velocity of the UA increased to that of the RA on RA occlusion. 11% 

of the hands in the study failed to produce the change in the velocity and were thereby 

termed as incomplete. In our study, we have observed a similar finding where on radial 

artery occlusion the increased velocity of the UA was termed as a “normal” test signifying 

the presence of collaterals from the UA. The test was considered “abnormal” if proven 

otherwise. Out of 36 patients, the Mean ±SD velocity of UA on the right hand was 82.03 ± 

30.14 cm/s and 109.47 ± 32.9 cm/s before and after RA compression respectively and 76.09 

± 25.28cm/s to 99.14 ± 28.92cm/s on the left hand. Only 17 out of 71 hands demonstrated a 

drop or no change in the flow velocity. 

In 1996, Pola [64], verified the ulnar patency to the collateral circulation by statistic and 

dynamic doppler evaluation in 188 patients. They established criteria to detect an abnormal 

dynamic doppler test to indicate which RA could be harvested. This criterion included 

patients with the disappearance of blood flow in the SPA with no increase in the flow 

velocity at the UA during RA occlusion. They recorded 5.9% of abnormal study results. In 

our study, we have used the same criteria to consider a test to be abnormal in cases where 

the Vmax at the SPA showed a significant decrease with little or no change in the Vmax 

SPA.( figure 3h,i) 

In 2001, a study by Ruengsakulrach et al [61] examined the flow velocities and 

direction at 3 different sites, namely, the UA at the wrist, the SPA and the distal terminal 
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artery that supplies the area of the hand most susceptible for ischemia. According to them, 

these intricate arterial patterns of anastomoses tend to give rise to an array of responses on 

RA occlusion making interpretation of results and detection of arterial flow due to the small 

diameter of the vessels. In terms of the direction of blood flow post RA compression, they 

showed an increased velocity of the UA thereby indicating a functional collaboration of the 

UA and the RA. With the RA compressed, they found a reduction in the distal perfusion 

pressure of the capillary bed that results in a pressure gradient between the capillary bed and 

the UA in turn causing the UA flow to increase. These results were consistent with that of 

our study. 

In 2002, Kochi et al[65] introduced a technique of measuring the blood flow of the 

radial artery at the anatomical snuffbox, which is regarded as the distal-most area after 

harvesting by using colour Doppler ultrasonography. In 10 normal volunteers(20 hands), the 

maximal flow velocity in the anatomical snuffbox decreased on RA compression and 

harvest. The flow patterns in the anatomical snuffbox demonstrated simultaneous reversal. 

The maximal flow velocity in the UA increased on RA occlusion, however, the velocity at 

the palmar arch showed no significant change. They stated the snuffbox technique to be 

precise and reliable. In our study, the Vmax at the anatomical snuffbox was carefully 

observed, the patients with the presence of collateral blood supply showed the reversal of the 

blood flow while the patients with a lack of collateral blood supply, showed no flow at the 

anatomical snuffbox.((figure 3c,d) 

The current study has satisfied its objectives by evaluating the collateral blood flow 

preoperatively and comparing the tests with the said gold standard. This study has recorded 

the Allen’s and Modified Allen’s test to be associated with false-negative results and low 

sensitivity as compared to Doppler ultrasonography. On the contrary, Pulse oximetry has 
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proven to be superior with a better correlation to the gold standard test. Thereby we suggest 

the use of pulse oximetry over the other two tests for preoperative assessment of ulnopalmar 

circulation.  
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7. Conclusion 

 

Our study indicates that Allen’s and Modified Allen’s tests do not provide adequate 

information regarding the palmar vasculature and are associated with a considerable degree 

of false-negative results. Our findings indicate tests like Pulse oximetry to be more sensitive 

and reliable in detecting abnormal results and should be used as a more objective screening 

test. 

The absence of blood flow in the distal aspect of the radial vasculature post radial artery 

compression or harvest can lead to grave complications of hand ischemia. Assessment of the 

collateral ulnopalmar circulation before radial artery harvest. The presence or absence of a 

complete superficial palmar arch indicates the radial artery to be harvested. Simple bedside 

tests like Allen’s test or Modified Allen’s test are useful as screening tests. However, due to 

their low sensitivity (37.29%), they have to always be used in conjunction with more 

objective tests like Pulse oximetry and Doppler Ultrasonography. In our study, Pulse 

oximetry showed a close correlation to Doppler ultrasonography (Kappa coefficient of 

0.7942 (p-value < 0.001)), making it a reliable test to be used in centres without higher 

diagnostic pieces of equipment.  

This study has utilised tests that a simple, time-honoured, and cost-effective without the 

need for sophisticated machinery. The current study highlights the significance of a simple 

oximeter probe to be capable of detecting abnormalities in the palmar circulation and 

encourages its use as a more objective preoperative screening tool. 
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8. Summary 

 
Free tissue transfer has become a popular choice of reconstruction for orofacial defects 

especially post ablative surgery. Attributable to its versatility, pliability and ease of harvest, 

the radial forearm free flap has been successfully used as a flap of choice for intraoral 

defects. Although associated with meagre complications in the donor site, one of the rare but 

precarious of them all could be the ischemia of the hand due to compromised blood supply 

to the hand. This is consequential to the harvest of one of the principal arteries of the hand, 

the radial artery.  

The vasculature of the hand is governed by the ulnar and radial arteries that reticulate to 

form an intricate network of vascular arches that inadvertently supply the digits of the hand. 

However, at times, the congenital absence of these arches, particularly the superficial palmar 

arch, leads to the absence of blood supply distal to the occlusion or harvest. Thus, 

predisposing the necessity of preoperative evaluation of the patency of the ulnar artery and 

the collateral blood supply to the hand post radial artery harvest. 

Many preoperative tests to evaluate the collateral circulation of the hand have been 

designed over the years. The first of which was discovered by Edgar Allen in 1929 followed 

by its modification by Wright in 1952. Since then, the application of these tests has been 

followed in areas of medicine, cardiovascular thoracic surgery, anaesthesiology and plastic 

and reconstructive surgery.  Multiple advances and propositions of other tests have surfaced 

over the years. Namely, pulse oximetry, plethysmography, digital Doppler waveform 

analysis, duplex sonography, tonometric pressure evaluation, laser Doppler perfusion 

imaging, recording digital blood pressure, Angiography and surgical clamping of the radial 

artery.  
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With factual evidence in the literature, the Allen’s and Modified Allen’s test has proven 

to be an adequate screening test for detecting incomplete superficial palmar arch, thus 

contraindicating radial artery harvest. On the contrary, there have been studies that have 

critiques these tests to be subjective and prone to false results. This study has prospectively 

assessed the collateral circulation of the hand on radial artery compression before its harvest 

for radial forearm free flap reconstruction. We have performed Allen’s test, Modified 

Allen’s test, pulse oximetry test and compared their results to the Colour Doppler ultrasound 

anointed as the gold standard test.  

The current study has highlighted the significance of a complete superficial palmar arch 

for the vascular supply of the thumb and thenar eminence post radial harvest. It has also 

shone light upon the accuracy of the Doppler ultrasonography that aids in assessing both 

static and dynamic elements of the blood flow before and after radial compression. The 

recorded sensitivity of Allen’s test and Modified Allen’s test was 35.29% whereas Pulse 

oximetry recorded 76.47% sensitivity in predicting abnormality. Allen’s test and Modified 

Allen’s test scored 100% specificity whereas pulse oximetry scored 98.15% specificity. 

Therefore, concluding that the Allen’s and Modified Allen’s test, can be used as just 

screening tests but the requirement of a more objective test such as the Pulse oximetry to 

detect abnormality in the palmar vascular remains inevitable. The study has justified and 

achieved what it was aimed to do by fulfilling its objectives. 
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10. ANNEXURES 

RAW DATA 

 

TABLE I : DATA COLLECTED FOR ALLEN’S AND MODIFIED ALLEN’S TEST 

 

SL 

NO 
NAME AGE SEX 

ALLENS TEST MODIFIED ALLENS TEST 

RIGHT 

HAND LEFT HAND RIGHT HAND LEFT HAND 

POSITIVE / 

NEGATIVE 

POSITIVE / 

NEGATIVE 

TIME 

TAKEN 

FOR 

PALMER 

FLUSH 

(s) 

NORMAL/ 

ABNORMAL 

TIME TAKEN 

FOR PALMER 

FLUSH (s) 

NORMAL/ 

ABNORMAL 

 

1 KOMAL 61 M NEGATIVE NEGATIVE 8 NORMAL 9 NORMAL 
 

2 CHANNABASAPPA 46 M NEGATIVE NEGATIVE 5 NORMAL 6 NORMAL 
 

3 RUKMAVVA 66 F NEGATIVE NEGATIVE 9 NORMAL 7 NORMAL 
 

4 NAGAVVA 45 F NEGATIVE NEGATIVE 6 NORMAL 5 NORMAL 
 

5 

MOULASAB 

KALAKHATTI 58 M POSITIVE NEGATIVE 10 ABNORMAL 10 NORMAL 

 

6 PUNDALIK 67 M NEGATIVE NEGATIVE 4 NORMAL 9 NORMAL 
 

7 SAROJA 70 F NEGATIVE NEGATIVE 3 NORMAL 5 NORMAL 
 

8 SHANKRAPPA 67 M NEGATIVE NEGATIVE 5 NORMAL 9 NORMAL 
 

9 JANARDHAN 65 M NEGATIVE NEGATIVE 4 NORMAL 3 NORMAL 

 

10 CHAIYAPPA` 53 M POSITIVE NEGATIVE 12 ABNORMAL 7 NORMAL 
 

11 BASAVARAJ 40 M NEGATIVE NEGATIVE 4 NORMAL 5 NORMAL 
 

12 RENUKA 31 F NEGATIVE NEGATIVE 6 NORMAL 4 NORMAL 
 

13 BASAVARAJAPPA 40 M NEGATIVE NEGATIVE 3 NORMAL 4 NORMAL 
 

14 SOMAPPA 45 M NEGATIVE NEGATIVE 6 NORMAL 7 NORMAL 
 

15 UMESHAPPA 56 M NEGATIVE CANNULATED 4 NORMAL CANNULATED CANNULATED 
 

16 YECHHARAPPA 48 M NEGATIVE NEGATIVE 7 NORMAL 9 NORMAL 
 

17 RUDRAVVA 67 F NEGATIVE NEGATIVE 5 NORMAL 3 NORMAL 
 

18 AMREESH 44 M NEGATIVE NEGATIVE 6 NORMAL 2 NORMAL 
 

19 MAHABALESHWAR 47 M NEGATIVE POSITIVE 4 NORMAL 12 ABNORMAL 
 

20 SHARANAYYA J 42 M NEGATIVE NEGATIVE 6 NORMAL 4 NORMAL 
 

21 MD UMAR 34 M NEGATIVE NEGATIVE 8 NORMAL 6 NORMAL 
 

22 MD ALI 28 M NEGATIVE POSITIVE 5 NORMAL 13 ABNORMAL 
 

23 

HOLAPPA 

KARALAKATTI 47 M NEGATIVE NEGATIVE 3 NORMAL 6 NORMAL 

 

24 PARASHURAM 44 M NEGATIVE NEGATIVE 6 NORMAL 7 NORMAL 
 

25 KIRAN HADIMANI 38 M NEGATIVE NEGATIVE 5 NORMAL 9 NORMAL 
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26 SHANKARAPPA 66 M NEGATIVE NEGATIVE 3 NORMAL 10 NORMAL 
 

27 RUKMAVVA 66 F NEGATIVE NEGATIVE 2 NORMAL 6 NORMAL 
 

28 TIMMAPUR 57 M POSITIVE NEGATIVE 15 ABNORMAL 4 NORMAL 
 

29 SHIVAKUMAR 36 M NEGATIVE NEGATIVE 8 NORMAL 4 NORMAL 
 

30 BASAVANEPPA 54 M NEGATIVE NEGATIVE 3 NORMAL 7 NORMAL 
 

31 YECCHARAPPA 48 M NEGATIVE NEGATIVE 4 NORMAL 5 NORMAL 
 

32 GANGADHAR 56 M NEGATIVE POSITIVE 7 NORMAL 11 ABNORMAL 
 

33 GOVINDGOWDA 46 M NEGATIVE NEGATIVE 3 NORMAL 8 NORMAL 
 

34 AEJAZ 55 M NEGATIVE NEGATIVE 6 NORMAL 9 NORMAL 
 

35 SHANKRAVVA 43 F NEGATIVE NEGATIVE 9 NORMAL 4 NORMAL 
 

36 ANNAPURNA 59 F NEGATIVE NEGATIVE 7 NORMAL 3 NORMAL 
 

 

 

 

TABLE II: DATA COLLECTED FOR PULSE OXIMETRY 

 

SL 

NO 

PULSE OXIMETRY 

RIGHT HAND LEFT HAND 

BEFORE RA 

COMPRESSION AFTER RA COMPRESSION 

BEFORE RA 

COMPRESSION AFTER RA COMPRESSION 

02 

SATURATION 

(%) 

PULSE 

RATE 

02 

SATURATION 

(%) 

PULSE 

RATE 

TIME 

TAKEN 

FOR 

FLOW 

TO 

RETURN 

02 

SATURATION 

(%) 

PULS

E 

RATE 

02 

SATURATIO

N (%) 

PULS

E 

RATE 

TIME 

TAKEN 

FOR 

FLOW TO 

RETURN 

1 97 90 90 88 18 99 87 97 86 14 

2 96 85 95 88 5 97 84 96 85 6 

3 92 83 94 87 8 95 83 93 88 7 

4 97 82 94 88 4 99 81 100 88 3 

5 99 78 92 81 17 98 76 95 83 13 

6 96 84 93 86 12 97 81 91 88 16 

7 96 76 95 79 4 97 80 95 76 3 

8 94 88 92 81 7 92 85 95 83 6 

9 99 76 81 78 11 98 78 82 75 10 

10 97 81 95 86 19 99 87 86 89 20 

11 95 79 92 80 4 96 81 97 84 3 

12 93 68 92 71 7 94 71 91 70 18 

13 97 72 95 64 4 97 65 95 64 5 

14 98 64 99 61 17 96 68 94 71 4 

15 100 64 98 63 4 CANNULATED 

CANN

ULAT

ED 

CANNULATE

D 

CANN

ULAT

ED 

CANNUL

ATED 

16 98 72 96 75 3 100 77 92 79 20 

17 97 71 94 75 4 98 75 98 77 3 
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18 98 65 96 69 6 98 82 95 84 5 

19 99 69 93 72 11 97 79 98 81 18 

20 97 77 95 77 5 96 77 95 80 8 

21 99 81 96 83 7 96 85 94 88 6 

22 95 88 94 89 4 98 82 92 88 21 

23 100 65 97 71 3 99 86 96 88 11 

24 96 71 94 72 4 97 65 93 71 4 

25 98 89 95 85 5 97 71 94 78 19 

26 100 66 97 69 3 96 77 93 81 4 

27 99 68 96 72 5 100 82 96 86 6 

28 97 81 94 83 16 96 72 93 78 9 

29 100 79 98 82 3 97 77 92 81 7 

30 93 76 90 79 6 98 78 94 84 4 

31 96 79 93 81 8 99 83 96 89 9 

32 94 71 91 75 14 95 77 91 76 21 

33 99 80 95 82 6 97 81 95 84 5 

34 98 84 93 88 21 95 74 91 77 13 

35 97 77 93 79 8 97 81 95 84 8 

36 99 72 92 76 6 95 79 91 89 5 

 

 

 

TABLE III: DATA COLLECTED FOR COLOUR DOPPLER ULTRASOUND (RIGHT HAND) 

 

SL 

NO 

                 COLOUR DOPPLER ULTRASOUND    

COLOUR DOPPLER 

ULTRASOUND                 

RIGHT HAND 

    BEFORE COMPRESSION AFTER COMPRESSION 

RA 

DIAMETER 

mm 

UA 

DIAMETER 

(mm) 

VMAX 

RA 

(WRIST) 

VMAX 

RA  

(SNUFF 

BOX) 

VMAX 

UA 

VMAX 

SPA 

VMAX 

PRINCEPS 

POLICIES 

VMAX 

RA 

(WRIST) 

VMAX 

RA 

(SNUFF 

BOX) 

VMAX 

UA 

VMAX 

SPA 

VMAX 

PRINCEPS 

POLICIES 

REVERSAL 

FLOW 

1 2.1 1.3 58 86 63 30 48 0 0 86 45 0 ABSENT 

2 2.1 1.6 157 113 135 106 108 0 48 170 150 30 PRESENT 

3 2.4 1.8 132 102 128 98 101 0 51 149 101 8 PRESENT 

4 2.8 3.1 158 109 144 79 21 0 68 189 99 12 PRESENT 

5 2 2.2 75 73 90 51 69 0 0 111 34 21 ABSENT 

6 3 2.7 63 75 85 91 70 0 0 150 48 0 ABSENT 

7 2.3 1.8 43 56 51 20 28 0 0 67 30 0 ABSENT 

8 2.1 2 130 50 155 71 81 0 20 167 40 40 PRESENT 

9 3 3 62 42 40 53 21 0 67 98 61 13 PRESENT 

10 1.6 2 45 69 64 49 37 0 57 95 29 8 ABSENT 

11 2.4 2.3 41 40 45 30 19 0 18 69 51 17 PRESENT 

12 2.1 2 69 90 79 40 50 0 20 116 50 34 PRESENT 

13 2.4 1.7 101 90 135 67 56 0 45 178 75 34 PRESENT 

14 2.3 1.4 50 49 27 30 20 0 0 70 13 0 ABSENT 

15 2.6 1.7 148 67 97 75 59 0 23 104 80 45 PRESENT 
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16 2.8 2.1 69 47 53 44 37 0 28 87 37 12 PRESENT 

17 2.1 1.9 120 99 112 78 45 0 56 146 90 39 PRESENT 

18 1.8 2.1 98 42 73 38 19 0 26 90 59 4 PRESENT 

19 2.2 1.6 109 89 97 67 34 0 74 134 79 27 PRESENT 

20 2.9 2.1 59 39 44 22 19 0 26 65 47 11 PRESENT 

21 1.5 1.9 77 58 63 37 13 0 49 99 53 6 PRESENT 

22 2.5 2.4 105 87 95 45 23 0 61 125 63 18 PRESENT 

23 2.1 1.9 127 80 63 55 32 0 56 91 53 13 PRESENT 

24 1.5 1.3 111 74 86 87 23 0 54 128 91 10 PRESENT 

25 1.2 1.6 94 65 89 77 23 0 47 100 93 10 PRESENT 

26 1.4 1.9 86 43 56 55 21 0 31 66 59 19 PRESENT 

27 1.9 2.1 111 53 92 43 22 0 41 106 59 17 PRESENT 

28 1.7 2.1 93 65 87 44 12 0 0 99 39 0 ABSENT 

29 1.2 1.4 102 54 87 67 39 0 39 111 78 25 PRESENT 

30 2.1 2 96 66 76 59 35 0 51 97 61 21 PRESENT 

31 2.3 1.9 107 53 94 43 26 0 41 128 65 21 PRESENT 

32 2 1.4 85 45 77 23 19 0 32 94 14 12 PRESENT 

33 1.8 2 100 64 83 44 31 0 53 101 61 26 PRESENT 

34 1.9 2.1 75 53 61 27 21 0 0 89 17 0 ABSENT 

35 2.1 1.8 86 38 54 29 14 0 29 74 45 9 PRESENT 

36 2.3 1.7 94 49 73 34 26 0 37 92 39 15 PRESENT 
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TABLE IV: DATA COLLECTED FOR COLOUR DOPPLER ULTRASOUND (LEFT HAND) 

 

 

SL 

N

O 

                        
 

LEFT HAND 
 

    BEFORE COMPRESSION AFTER COMPRESSION 
 

RA 

DIAM

ETER 

mm 

UA 

DIAM

ETER 

(mm) 

VMA

X RA 

(WRIS

T) 

VMAX 

RA 

(SNUFF

BOX) 

VM

AX 

 UA 

VM

AX 

 SPA 

VMAX 

PRINCE

PS 

POLICI

ES 

VMA

X RA 

(WRIS

T) 

VMA

X RA 

(SNUF

FBOX

) 

VM

AX 

UA 

VMAX 

 SPA 

VMAX 

PRINCEPS 

POLICIES 

REVERSAL 

FLOW 

1 2.2 1.9 64 68 58 36 23 0 10 70 

MINIMA

L FLOW 40 PRESENT 

2 2.2 1.5 149 130 140 90 80 0 50 22 120 40 PRESENT 

3 3.1 2.6 153 62 39 88 87 0 48 82 

MINIMA

L FLOW 24 PRESENT 

4 2 2.3 111 54 98 68 43 0 54 121 67 13 PRESENT 

5 2.1 2 57 63 77 39 25 0 23 125 54 18 PRESENT 

6 2.1 2.5 55 55 129 73 40 0 18 142 80 13 PRESENT 

7 2.3 1.7 40 47 35 35 28 0 10 48 57 20 ABSENT 

8 2.3 1.6 85 47 101 48 41 0 30 132 28 20 PRESENT 

9 3.2 2.8 65 40 39 69 34 0 0 64 84 24 ABSENT 

10 2.4 2 72 70 53 35 47 0 0 106 22 0 ABSENT 

11 2.7 1.8 33 60 41 30 38 0 14 84 50 11 PRESENT 

12 2.1 1.9 56 57 70 55 60 0 0 143 67 23 ABSENT 

13 2.8 2.1 95 72 88 73 27 0 34 129 84 8 PRESENT 

14 2 1.9 46 40 41 34 29 0 11 63 56 12.5 PRESENT 

15 

CANN
ULAT

ED 

CANN
ULAT

ED 

CANN
ULAT

ED 

CANNU

LATED 

CAN

NUL
ATE

D 

CAN

NUL
ATE

D 

CANNU

LATED 

CANN
ULAT

ED 

CANN
ULAT

ED 

CAN

NUL
ATE

D 

CANNU

LATED 

CANNULAT

ED CANNULATED 

16 1.9 1.7 83 67 69 44 27 0 0 98 57 0 ABSENT 

17 2 2.3 109 92 97 67 34 0 85 117 79 27 PRESENT 

18 1.7 1.9 123 68 94 45 23 0 57 149 56 17 PRESENT 

19 2 1.7 103 69 84 47 25 0 0 106 33 14 ABSENT 

20 2.6 2.1 63 34 51 39 21 0 29 79 53 19 PRESENT 

21 2.2 1.8 99 65 87 50 21 0 57 100 78 14 PRESENT 

22 1.9 2.4 99 73 82 45 31 0 0 104 66 0 ABSENT 

23 2 2.3 76 41 62 33 11 0 39 88 39 9 PRESENT 

24 2.1 1.9 99 51 86 45 10 0 29 117 63 6 PRESENT 

25 2.3 2 100 56 83 45 13 0 0 107 12 0 ABSENT 

26 2.3 2.2 99 65 83 74 41 0 50 126 93 35 PRESENT 

27 2.6 2.4 106 54 86 36 25 0 49 91 45 14 PRESENT 

28 2.3 2.1 113 77 98 64 41 0 56 116 73 23 PRESENT 

29 2.1 2 63 57 33 21 10 0 41 48 39 8 PRESENT 

30 1.9 1.9 86 52 61 45 26 0 35 75 52 20 PRESENT 

31 1.4 1.6 95 63 84 51 49 0 54 93 62 37 PRESENT 

32 2 2.3 104 56 88 63 37 0 0 105 31 0 ABSENT 

33 1.8 2 114 93 62 57 43 0 46 103 74 29 PRESENT 

34 1.6 1.7 116 63 96 40 29 0 45 125 36 16 PRESENT 
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35 2 2.1 89 62 75 39 22 0 53 86 42 16 PRESENT 

36 1.8 1.6 102 64 93 75 33 0 53 106 89 30 PRESENT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



72  

CONSENT FORM 

DEPARTMENT OF ORAL AND MAXILLOFACIAL SURGERY 

INFORMED CONSENT FOR THE PARTICIPATION IN THE STUDY 
 

 

I,……………………………………………………….., voluntarily consent to the participation in the 

current research study. I agree and give access to my health records and co-operate to any investigation 

considered necessary for the study. 

I have been informed about the study titled “ASSESSMENT OF PATENCY OF ULNAR 

ARTERY AND COLLATERAL CIRCULATION TO THE HAND FOR RECONSTRUCTION 

WITH RADIAL FREE FOREARM FLAP IN ORAL SQUAMOUS CELL CARCINOMA: A 

COMPARATIVE STUDY OF ALLEN’S TEST, MODIFIED ALLEN’S AND PULSE 

OXIMETRY TO COLOUR DOPPLER ULTRASOUND (SNUFFBOX TECHNIQUE)” conducted 

by Dr Apeksha V Inamdar, postgraduate from the department of oral and maxillofacial surgery, 

SDM College of Dental Sciences and Hospital, Dharwad. I have been explained about the nature of 

the study and proposed procedures in the language of my understanding. I consent to take photographs 

and publications of the same for the purpose of advancing health education and research. I understand that in 

any report on the results of this research my identity will remain anonymous. 

 

 

 

_______________________ 

Signature  
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COLOUR PLATE 

 

FIGURE -1: DEMONSTRATES THE ASSESSMENT OF ALLEN’S AND MODIFIED ALLEN’S 

TEST 

 

 
 

 

 

FIGURE 1a – demonstrates the pallor noted on compression of radial and ulnar artery 
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FIGURE 1b- demonstrates the palmar blush on the release of ulnar artery compression, 

confirming it to be a negative Allen’s and a normal MAT. 
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FIGURE 2: DEMONSTRATES THE ASSESSMENT OF THE HAND USING PULSE OXIMETRY 

 

 
 

FIGURE 2a- shows the pulse oximeter reading before RA and UA compression 

 

 
 

FIGURE 2b- shows the pulse oximeter reading after the release of UA compression 
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FIGURE 3: DEMONSTRATES THE ASSESSMENT OF THE HAND USING COLOUR DOPPLER 

ULTRASONOGRAPHY 

 

 
 

FIGURE 3a- shows the probe detecting the blood flow of the RA at the wrist before RA compression 

 

 
 

FIGURE 3b- shows the probe detecting the blood flow of the RA at the wrist after RA compression  
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FIGURE 3c- shows the probe detecting the blood flow of the RA at the anatomical snuffbox 

before RA compression 
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FIGURE 3d- shows the probe detecting the blood flow of the RA at the anatomical snuffbox 

after RA compression 
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FIGURE 3e- shows the probe detecting the blood flow of the SPA before RA compression 
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FIGURE 3f-- shows the probe detecting the blood flow of the SPA after RA compression 
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FIGURE 3g- shows the ultrasonographic reading of the blood flow at the anatomical snuffbox after RA 

compression depicting the reversal of the waveform 
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FIGURE 3h- shows the ultrasonographic reading of the blood flow at the SPA before RA compression 

depicting the waveform 
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FIGURE 3i- shows the ultrasonographic reading of the blood flow at the SPA after RA compression 

depicting the decreased waveform 

 

 

 




